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INCANDESCENT LAMPS. 

BY E; Z. BURNS. 

The use of incandescent electric lamps is so extensive that a 
knowledge of the requirements which a good lamp should fulfil, as 
uell as a knowledge of some of the methods of determining the 
excellence of the lamp, should be far more general than at present. 
It is a fact to be regretted that the purchaser, in a majority of cases, 
is mentally blindfolded by the agent in adopting any particular 
kind of lamp, and it is but fair to the agent to admit that the mental 
darkness is not always entirely on the part of the purchaser. This 
mutual condition of purchaser and agent arises largely in giving 
to the word " efficiency " a different meaning from that popularly 
understood. In other words, as pointed out by J. W. Howell in 
\\iG Electrical Engineer ior May, 1888, and also in the Phil. Mag, 
for April, 1885, an incandescent lamp of" high efficiency" may be 
a poor lamp, while a lamp of ** low efficiency '* may be a good 
lamp. This will be more apparent from a study of the curve shown 
in Fig. I. In this lamp the candle-power was varied from 3.46 to 
53 by a change of potential of about 25 volts, and it will be seen 
that it has an efficiency all the way from 10.3 up to 1.9. Nor is 
this all, for it will also be seen that while the life of the lamp at an 
efficiency of 5.1 is about 20,000 hours, it decreases very rapidly 
as the efficiency increases, till, at an efficiency of 3.0 it has a life of 
only about 800 hours, and at 1.8 a life of only a few hours. Hence 

VOL. XI.— I 
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INCANDESCENT LAMPS. 3 

the excellence of a lamp is not expressed by the efficiency alone, 
but by the efficiency modified by the life. Then, too, as ordinarily 
employed, one is left in ignorance as to whether horizontal or 
spherical candle-power has been used in computing the efficiency. 
Since the electrical energy is dissipated in several ways, principally 
as heat and light, a true expression for the efficiency would be the 
ratio of the energy utilized in producing light to the total energy 
expended in the lamp ; so that the efficiency, as ordinarily used, 
leads not only to the misconception pointed out above, but is 
technically wrong. 

In the following article it is proposed to discuss the character- 
istics of a few of the leading classes of lamps, together with the 
most important methods of examination to which they may be 
subjected to bring out their merits and demerits. 

Taking the filament for the basis of classification, lamps may be 
divided into : 

1st. Lamps, the filaments of which are derived from natural 
material, such as bamboo. 

2d. Lamps, the filaments of which are derived from artificial 
material, which is itself made up of fibrous material, such as silk- 
thread or paper. 

3d. Lamps, the filaments of which are derived from artificial 
material in a structureless condition, such as " Tamidine." 

The base on which the glass bulb is mounted, and the method 
of connecting the base with the socket, are important factors in 
the value of a lamp. I will, however, only state a few general 
requirements, which should be fulfilled in these parts. The 
base in all cases should be firmly cemented to the bulb. Of 
course, this largely depends on the cementing material, which 
should not only adhere firmly to the glass but should not crumble 
with age. 

The method of connecting the base with the socket should be 
such that the lamp may be easily replaced, with no danger of a 
short circuit, and the device for bringing the poles of the socket in 
contact with the poles of the base should be of such a nature as to 
insure at all times good contact. The poles of the socket and the 
poles of the base should be thoroughly insulated from the exterior 
brass shells. The method of making the exterior shells serve the 
purpose of one of the terminals cannot be too strongly condemned, 
if for no other reason, simply on account of the danger of shock 
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to the person replacing the lamp. Further, the catch for holding 
the lamp should be such as to render it impossible for the lamp to 
jar itself free and fall. 

If the different companies had not quite generally practiced a 
method of exclusion with reference to the methods of connecting 
the filament with the platinum wire, as at B, Fig 2, all practically 
arriving at the same result, it would seem necessary to speak with 
considerable detail as to the construction of this particular part of 
the lamp. No other part of the filament is subjected to such severe 
conditions. At this point the tendency to arc from pole to pole is 
a maximum as well as the mechanical strain due to the weight of 
the filament and to internal stress. Therefore, it would seem 
that the following are some of the conditions which should be 
fulfilled : 

1st. Perfect contact must be established between the platinum 
wire and the filament. 

2d. Whatever the material may be which acts as the inter- 
mediate body between the filament and the wire, it should have 
a coefficient of expansion and contraction very nearly that of the 
filament. 

3d. The intermediate body should not volatilize at any tempera- 
ture to which it may be subjected. 

The examination to which the filament should be subjected will 
be brought to light more clearly, perhaps, by a consideration of the 
work which it has to perform. When the lamp is put in circuit it 
is heated suddenly to a very high temperature, always above a red 
heat, and when the current is switched off" the filament cools quite 
as suddenly to the temperature of the surrounding air, and this 
process is repeated day after day and often several times each day. 
It needs no demonstration to show that this oft-repeated heating 
and cooling must prove a very severe strain on the filament. Nor 
is this the only strain to which the filament is subjected, for in 
some classes of lamps, in order to distribute the light more equally 
in all directions, a half twist is given to the filament before mount- 
ing it on the glass stem, which causes it to assume the form shown 
in Fig. 2. The normal form of this filament is that shown in Fig. 3 ; 
so that, at the outset, the filament is subjected to a mechanical 
strain of a half revolution, when, in a large percentage of cases, 
it would break at a whole revolution. It does not follow, however, 
that the filament, having the form shown in Fig. 3, is not in a 
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strained condition, for the normal form of these filaments may be 
with the ends considerably further apart, giving them more of a V' 
form. In many, if not all of these cases of initial strain, the 
stress is aggravated rather than relieved by the passage of the 
current. 

From these considerations it is evident that of any two lamps 
whose filaments are under the same initial strain, one of the de- 
ciding elements of merit will be its tensile and torsional strength ; 
and of any two lamps whose filaments have the same tensile and 
torsional strength, the deciding element of merit will be the amount 
of initial stress. 

It is not a difficult matter to decide as to the relative tensile and 




Fig. 3. 




torsional strength of different classes of filaments, as there is such 
a wide variation, This variation may be distinguished even by so 
rough a test as taking the filament in the two hands, and, being 
careful to keep it in the same horizontal plane, pulling till it breaks ; 
also for torsional strength, taking the filament as before, and being 
careful to maintain a uniform longitudinal strain, revolving one end 
of the filament, noting the number of turns and fraction of a turn at 
the time of rupture. As to the initial strain, it will manifest itself 
in any lamp, the filament of which has been accidentally broken, 
by a tendency of the ends to separate at the point of rupture. 

The microscope should be made use of in examining the struc- 
tural condition of the filament, and for this purpose a filament must 
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be removed from the bulb and mounted on a glass slide. In order 
to remove the filament from a lamp, file across the sealed end, A, 
Fig. 2, till the extremity cracks off. The end may then be filed 
with the flat of the file till a slight hissing is heard, due to the 
entrance of air in the bulb. When the air ceases to enter, the glass 
may be broken from around the filament with but little difficult>'. 

There is no doubt that one of the most important elements in 
the life of a filament is its homogeneity of material and uniformity 
of cross section. It would seem, then, that that material which, in 
its raw state, is most homogeneous would prove most satisfactory, 
since the structural condition of the filament is not materially 
affected during the process of manufacture. On the other hand, 
since the quantity of light depends partly on the surface-area of the 
illuminating body, there may be within certain liriiits an advantage 
in a cellular structure, as the actual cross section of conducting 
material will remain the same, but occupy a larger space. This 
would make the surface-area larger and utilize incandescent parti- 
cles that otherwise would be in the interior. In cellular filaments, 
moreover, the amount of occluded gas is notably greater than in a 
dense structureless filament. The gas, as is well known, is 
gradually driven off, diminishing thereby the excellence of the 
vacuum, and the heat given off by the lamp is proportionately in- 
creased. This is an important consideration, for it strikes at once 
at one of the strong points urged by electric light companies in 
comparing the incandescent electric light with gas. 

I wish to bring into prominence these mechanical questions* 
which are so often quite neglected by electrical engineers and 
completely ignored by the men interested in a purely business 
way in testing and judging as to the standard of excellence of any 
particular class of lamps. I have refrained, too, from taking into 
consideration the question of cost to the manufacturer, for the dif- 
ferent classes of lamps are put on the market at practically the 
same price. 

In the consideration of the electrical properties of the incandes- 



* Th£ degree to which carbon is deposited on the bulb is an important considera* 
tion, not only on account of the light intercepted, but on account of the deteriorating 
effect on the filament which must follow as a consequence. The exact cause of black- 
ening has never been, to the writer's knowledge, satisfactorily proven by systematic 
investigation, but idle speculation on the question has been quite extensive. 
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cent lamp, for reasons which will appear, the following data should 
be determined : 

1st — Cold resistance in ohms, before photometric test. 

2d. — Photometric test : 

1. Current in amperes. 

2. Electro-motive force in volts. 

3. Average candle-power — horizontal and spherical. 
3d. — Cold resistance in ohms, after photometric test. 
4th. — Duration of test. 

From this data the following results may be derived by calcula- 
tion. 

Fig. 4. 




1st. — Hot resistance in ohms. 

2d. — Total watts. 

3d. — Watts per candle-power — horizontal and spherical. 

4th. — Lamps per horse-power. 

5th. — Candles per horse-power. 

The apparatus used in taking the cold resistance of the lamp, as 
well as the relation of the differents parts, is shown in Fig. 4. G is 
a reflecting galvanometer ; Z? is a stand consisting of an adjustable 
slot E, for admitting a ray of light to the mirror of the galvan- 
ometer, and a ground glass scale F, for receiving the reflection ; C 
is a wheatstone bridge ; -^ is a double contact-key ; and B a primary 
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battery of not more than two cells. The bridj^e should be pro- 
vided with a thermometer in order to make a temperature correc- 
tion if necessary. 

The salient feature of this test, compared with other resistance 
measurements, is the care that must be exercised in avoiding any 
heating effect of the filament by the current. For this reason the 
contact-key should be a spring which will rebound when tapped, 
thus allowing the current to flow only for an instant. 

There are two main objects sought in making this measure- 
ment ; first, since the resistance depends on the length and cross 
section, imperfections in the filament may be discovered; and, 



Fig. 
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second, by comparison with the resistance at the conclusion of the 
test, it affords a means of ascertaining any changes that may have 
taken place in the filament. 

The photometric test consists in simultaneous readings of the 
current, the electro-motive force, and the candle-power. Where 
there are no disturbing magnetic influences, tangent galva- 
nometers may be used for measuring the current and poten- 
tial, while a Letheby-Bunsen photometer, such as that shown in 
Fig. 6, with a Methven standard slit and burner, may be used for 
reading the candle-power. It may be unnecessary to remark that 
the relative positions of the apparatus used are as shown in Fig. 5. 
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Z? is a dynamo, connected with the storage battery, B, so as to 
charge it at the same time the current is being used for the lamp 
test, and thus producing a very uniform potential. R and R' are 
rheostats, one for fine, the other for coarse adjustment of the po- 
tential of the lamp. G is the potential galvanometer, which is con- 
nected in shunt around the lamp, and consequently measures the 
difference of potential of the current upon entering and upon leav- 
ing the lamp. (7' is the current galvanometer and measures the 
current passing through both the lamp, and potential galvanometer, 
but as the resistance of the potential galvanometer will be over 
50,000 ohms, the amount of current passing through it may be ne- 
glected. 

While the preliminary work of calibrating the galvanometers 
ai^d comparing the standard burner will only be spoken of in a 
general way, it should be borne in mind that the value of the test 
depends entirely on the accuracy with which this preliminary ad- 
justment is made. 

The current galvanometer should be compared with a silver volt- 
meter, making several determinations at various points on the 
scale, and the constant thus determined should be checked by 
means of a constant calculated from the horizontal component of 
the earth's magnetic force, the radius of the galvanometer coil, and 
the number of turns of wire. 

The potential galvanometer may now ,be calibrated by putting 
it in shunt around a known resistance, R^ and measuring the cur- 
rent by means of the current galvanometer. The constant, as is 
well known, would be calculated from the formula 



tan. ^ 



in which C= Current in Amperes. 
R = Resistance in Ohms. 
= Average deflection of potential galvanometer. 

For anything except elaborate tests, commercial voltmeters and 
ammeters may now be compared with the tangent galvanometers 
and used in their place. 

The Methven slit and burner should be compared with a standard 
candle, using a candle balance for weighing, and a stop-watch for 
timing. 

In making the photometric test, four persons will be required, 
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one to read the current galvanometer, one to read the potential 
galvanometer, one to take candle-power readings, and the fourth 
to adjust the lamp, after each reading, at the proper angle for the 
next reading. If the photometer and galvanometers are in differ- 
ent rooms, a system of signalling by means of an electric bell 
should be adopted. The wires leading to the galvanometers 
should be twisted in order to avoid any electro-magnetic action 
on the instruments due to the passage of the current. The per- 
sons reading the galvanometers must have no iron about them, as 
for instance, knives, keys, iron pegged shoes, buttons, etc- 

Fig. 7. 




As to the points on the lamps where readings should be taken in 
order to arrive at the average spherical candle-power, two condi- 
tions must be considered : The points must be so situated that the 
lamp can be adjusted easily and accurately to any one of them ; 
there must be a sufficient number of points to produce a true 
average. We naturally turn to the icosahedron as being a regular 
polyhedron having the largest number of vertices that can be cir- 
cumscribed by a sphere ; but there are two objections : First, the 
lamp could not be easily and accurately adjusted at all of the ver- 
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tices ; and second, there are not a sufficient number of vertices, 
(twelve), to give an average result. The points shown on the hemis- 
phere, Fig 8, conform very nearly to all the conditions, the excep- 
tion being that they are not mutually equi-distant. Nevertheless, 
by using for the lamp-holder an apparatus similar to that shown 
in Fig. 7, in which A is an ajustment for longitude and B for lati- 
tude, ease and accuracy of adjustment is attained, and, there being 
thirty-eight points for readings, a good average is obtained. 

The lamp being placed in the photometer, Fig. 6, and adjusted to 
zero latitude, zero longitude, and also so that the plane of the ex- 
tremities of the filament are in line with the plumbs A and B, the 
current is then turned on and, by means of the rheostats R, R\ the 
electro-motive force is increased to the point at which it is desired 



Fig. 8. 
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to test the lamp, or to the point marked on the label by the manu- 
facturer. The man at the photometer then signals to those at the 
galvanometers to read, and, at the same time, reads the candle- 
power by moving the carriage C, Fig. 6, always in the same direc- 
tion, either toward the lamp or toward the burner, till the spot of 
paraffined paper disappears. When the men have finished the 
readings at the galvanometers they signal to the men at the photo- 
meter, the lamp is adjusted to another point, indicated in Fig. 8, and 
the same process of reading is repeated. When readings have 
been taken at each one of the thirty-eight points indicated in Fig. 
8, the lamp \s taken out, and the time is noted during which the 
lamp has been in circuit. 
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The lamp, after being allowed to cool, is finally tested for cold 
resistance. 

To bring together the results, compute the average angle of de- 
flection of the potential, and of the current galvanometer ; and also 
compute the average spherical, and horizontal candle-power, the 
horizontal candle-power being the average of the equatorial read- 
ings. Then for the electro-motive force, we have, 
V= tan. ^ X ^. 
in which V = potential of the lamp in volts. 

<P = average angle of deflection just determined. 
K = Constant of potential galvanometer, determined 
by the preliminary calibration. 
For the current we have 

C=tan.0XA^' 
in which C = current, in Amperes used by the lamp. 

<p = average angle of deflection just determined. 
K^ = constant determined by the preliminary stand- 
ardizing of the current galvanometer. 
The value of C and V being found, we have, H being the hot 
resistance of the lamp, 

H z= -. = about one-half of the cold resistance. 
C 

W being the total watts. 

W= VX C. 

S C P being the average spherical candle-power, and H C P 

being the average horizonal candle-power. 

W \ 

— - -— = watts per spherical candle-power, or 

S C P __ so-called effi- 

W c 
= watts per horizontal candle-power | ciency. 

HCP ^ J 

'-~ = candles per electrical horse-power. 

~CP 

As will be seen, we obtain from the electrical test but little more 
than the '* efficiency " which, as pointed out at the beginning, 
means nothing except when combined with a more or less definite 
knowledge as to the life. We do, indeed, derive some indication as 
to the life by comparing the cold resistance before the test with the 
cold resistance at the conclusion, but it must be admitted that the 
inference, at best, is very indefinite. The test described is far more 
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elaborate than that usually carried out by the manufacturer. Indeed, 
about the only test indulged in by the manufacturer is a classifica- 
tion test. The value and accuracy of this test will be more fully 
appreciated by a few examples. At a time when a certain company 
could find nothing commendable in the lamps of a certain other 
company, it was using one of the latter company's lamps as its 
standard for i6-candle power. One company (it may not be either 
of the two mentioned) in order to select, for example, i6-candle 
power, 70 volt lamps, places two or three hundred lamps on a rack 
and sets them at 70 volts by means of a voltmeter which, at its best, 
cannot be relied on within a range of 5 volts. An attendant then 
surveys the two or three hundred lamps, and those which appear, 
in his judgment, too bright or not bright enough, are rejected — ^the 
remainder are i6-candle power, 70 volt lamps (?). 

Of course no such extended test as that described is at hand for 
the use of the consumer, and it is for this reason that the mechanical 
examination of lamps is to be particularly commended. Nevertheless, 
by substituting for the tangent galvanometers above well standard- 
ized commercial voltmeters and ammeters a fairly satisfactory elec- 
trical test may be made. 

Since every part in the incandescent lamp is absolutely dependent 
on every other part, the task of manufacturing lamps of great uni- 
formity and excellence is rendered very difficult ; but when we 
take into consideration that some lamps have a life of 5000 or even 
1 0,000 hours, we have presented to us an average standard that 
should be reached by every manufacturer. It is true beyond any 
question that if one lamp can be brought to such a degree of ex- 
<:ellence, with proper care and with sufficient investigation as to cause 
an effect, all lamps may be brought to the same standard. 

In concluding, it may be said that we owe very little to the present 
for any excellence possessed by the incandescent lamp, but very 
much to the past.- At the present time the quality of the lamp is 
completely ignored by the men controlling the manufacture, while 
the question of cost is made supreme. That this is radically wrong, 
and will result disastrously to those interested in incandescent 
lighting as a legitimate enterprise, needs no argument. 
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ASH DETERMINATION IN RAW SUGARS. 

BY F. G. WIECHMANN, Ph.D. 

The method formerly used for determining the ash in sugar 
consisted in carbonizing the sample at a low heat, extracting the 
soluble salts from the carbonaceous mass by boiling water, igniting 
the residue, adding this ash to the aqueous extract obtained, and 
evaporating completely to dryness. 

In 1864, Scheibler* published his method of incinerating sugars 
with sulphuric acid, which proved to possess great advantages over 
the former method in ease and dispatch of execution. It was only 
given to the world after the originator had tested it for five years, 
and carried out by it more than two thousand determinations. 

Of course, neither Scheibler's method nor the method of incin- 
eration referred to, pretend to give the actual amount of salts in the 
sugar, for by the former the salts are changed into sulphates, while 
combustion transforms them into carbonates or oxides. Landolt,t 
for instance, holds that the weight of the salts in beet-sugars is 
about twice the weight of the ash found by analysis. 

As the molecular weight of the sulphates is greater than that of 
the carbonates, Scheibler subtracts 10 per cent, from the weight 
of the sulphate-ash, and states that the result is then identical with, 
or at least corresponds very closely to, the values obtained by the 
other method. In his paper previously referred to, several analyses 
are cited in support of this claim. 

A cursory search through the literature at hand shows that the 
method of incinerating with sulphuric acid has been examined into 
by several chemists, of whom some do not share Scheibler's esti- 
mate of its value. 

Boivin and Loiseau J endorsed the method as capable of giving con- 
stant results if the combustion were slowly conducted, but claimed 
that it yielded exceedingly variable values if this condition were not 
fulfilled. As their experiments, however, were partly carried out 



* ** Zeitschrift des Vereines fiir Rfibenzucker-Industrie," vol. xiv., p. i88. 
t "Zeitschrift des Vereines fiir Rlibenzucker- Industrie," vol. xviii, p. 68. 
% "Journal des Fabricants de Sucre," 6 Fevri^r, 1868. 
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under conditions entirely different from those prescribed by Scheib- 
ler, their verdict is of h'ttle importance. 

Dubrunfaut* studied the method chiefly as to the value of the 
factor 0.9 used in transforming the sulphates into carbonates, and 
expresses himself as follows : ** In this method sulphuric acid is 
substituted for the chlorine of the chlorides and for the carbonic 
acid which is yielded by the organic-acid salts and the nitrates. 
As the relations between the organic-acid salts, the nitrates, and 
the chlorides are very variable in beets, in the molasses and in the 
sugars, it stands to reason that the factor 0.9 is nothing but a gen- 
eral-average factor which, in many cases, may be considerably far 
from the truth." 

Violette, in an article published in 1873,! states that "this 
method of incinerating sugars with sulphuric acid, generally 
adopted at the present time, gives the weight of the ash higher 
than the true weight of the ash in raw sugars, and this difference 
is the greater the richer the ash is in salts of soda and alkaline 
carbonates." 

The following year this author wrote a paper entitled \X ** Deter- 
mination of the Relation between the Real Ash and the Sulphated 
Ash in the Products of the Sugar Industry," in which he published 
a table giving a resume of his researches. This table embraces the 
analyses of raw sugars, beets, and molasses, and shows the differ- 
ence between the amounts of the real ash and the values obtained 
by the sulphuric-acid method. The differences exhibited are very 
considerable in many cases. 

H. Leplay, in his Chituie Iheorique et Pratique des Industries du 
Sucre,% commenting on these figures and on the conclusions which 
Violette bases on them, says : ** The most striking conclusion to 
be drawn from the analyses of M. Violette is that this factor is 
very variable and does not offer sufficient guarantee of correctness 
for the transformation by calculation of the weight of the sulphates 
found by analysis into carbonates." 

On the other hand. Von Lippmann,|| after giving the analysis of 
a carbonate-ash of a representative sample of beet-sugar, which 



♦ "Journal des Fabricants de Sucre," 18 Decembre, 1870. 

f " Annales de Chimie et de Physique," 4th series, vol. xxix., p. 514. 

J " Journal des Fabricants de Sucre," Octobre 22, 1874. 

? P* 207. 

II "Zeitschrift des Vereines fOr RQbenzucker-Industrie," vol. xxxi., 1881, p. 399. 
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will be referred to later on, says : " It seemed of interest to ascertain 
the relation of this carbonate-ash to the sulphate-ash which might 
t)e obtained from it. Ten grammes of ash were calcined with sul- 
phuric acid in a platinum muffle, and 1 1.2008 grammes sulphate-ash 
were obtained. If one tenth be deducted from this figure, as is 
done in commercial practice, 10.0807 grammes results, instead of 
10 grammes, thus demonstrating most perfectly the correctness of 
Scheibler's factor, 0.9, for this case." 

Although primarily applied to the determination of ash in beet- 
sugars and beet-root products, Scheibler's method won its way 
into general favor, and soon came to be almost the only method 
employed in practice, and to be applied indiscriminately to the 
ash-determination of all sugars. 

In the course of some research-work, recently carried out by the 
author, quantitative determinations were made of the ashes of 
sugars from various countries. 

The scheme of analysis adopted was the following : 

Ten grammes of sugar were dissolved in hot water and filtered ;* 
the residue was thoroughly washed with boiling water and the 
filtrate and washings evaporated to dryness. The mass was care- 
fully carbonized and then extracted with boiling water, until nitrate 
of silver no longer gave the reaction for chlorine. Solution i 
was evaporated to small bulk. Residue i was dried, ignited and 
weighed. This weight Wcis noted as insoluble ash. The solu- 
tion and the ash obtained, were combined, hydrochloric acid 
was added, and the solution evaporated to dryness. All the chlo- 
rine was then driven off, the residue taken up with water and a 
little hydrochloric acid, and* filtered. The insoluble residue in the 
filter was thoroughly washed, and the washings added to the filtrate. 
Residue 2 is silica. To Filtrate 2 added ammonia hydrate, boiled 
and filtered. The Residue 3, iron and alumina, was thoroughly 
washed and the washings added to filtrate. To Filtrate 3 added 
ammonium oxalate and evaporated to dryness. The ammonia 
was burned off, and the oxalates changed to carbonates by adding 
a little ammonium carbonate, and then again driving off the am- 
monia. The mass was then taken up with water, filtered, washed, 
and the washings added to the filtrate. This residue. Residue 4, 
consists of carbonates of calcium and magnesium. The filtrate 

* This was done in every case to have all the analyses made under the same con- 
ditions ; in most instances it was imperative, for the inorganic suspended impurities 
(sand, clay, etc.) in a sample often weighed more than the total sugar-ash. 

VOL. XI.— 2 ^ T 
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was evaporated to small bulk, and moistened with ammonium car- 
bonate. 

The evaporation was then continued to dryness, the ammonia 
cautiously driven off, and the residue weighed. This gave the 
alkalies in the form of carbonates, and this weight, added to the 
insoluble ash previously determined, represents the total carbon- 
ate-ash. 

This method, while yielding carbonate-ash, avoids the possible 
loss of alkalies by volatilization, and practically corresponds to the 
method in vogue before the introduction of Scheibler's process. 

As the data thus obtained were carbonate-ash determinations of 
sugars entirely different in their composition from beet-sugars, and 
of a description that, at least to the writer's knowledge, has not 
been much studied, it was decided to make on them ash-determi- 
nations according to Scheibler's method, in order to learn whether 
the results yielded by the two methods would correspond. 

In order, however, that the determinations should be perfectly 
parallel, a separate estimation was made in each sugar of the inor- 
ganic suspended impurities, and the amount found, deducted from 
the sulphate-ash. 

The following table exhibits the results obtained : 



Analyitts 

Number. 



Sugar. 



2 

3 
4 
5 
6 

7 

8 

9 

lO 

II 

12 

M 

14 
15 

r6 

17 
i8 

19 

20 
21 
22 
23 
24 
2s 
26 



'Dominica Muscovado, 
jjava, 2d Product, . . 



Trinidad Concrete, 
Ilo-Ilo, 



New Orleans Muscovado, . . . 

" Melado, .'/.'. 

St. Croix Muscovado, . . . . 

Ceroons, 

Brazil, 

jJava Stroops, 

'Mauritius Mol. Sugar, . . . . 

.Superior Cebu Mats, 

|Cuba Molasses Sugar . . . . 

iTaal Mats 

[Beet, 2d Product, 

ijava Basket 

St. Kitts Muscovado, 

Syrup, Louisiana, 

Syrup, Sandwich Island Sugar, 



Polariza- 
tion. 



86 O 

86.5 
88.8. 
863 
86.7' 

87.S 
84.0 
86.6 
80.8 
91.2 
80.2 

79.1 
52.0 
8S.0 
838 
841 

77.4 
86.4 

83.2 
84.2 
78.5 
92.2 
96.7 
882 
40.9 
49.2 



Carbonate ^ Sulphate 
Ash. I Ash, —A. 



>.25 
1.32 
1.06 
1.05 
0.81 
1.26 

2.47 
1.91 
2.30 
0.76 
3.08 
1.69 
1.42 
1.27 
1.78 
1.95 
4.16 
287 
2.00 
2.16 

2.57 
3.06 
0.77 

1.13 

6.80 
11.03 



1.06 
0.99 
0.86 
0.79 
0.62 
0.92 
2.08 
142 
1.98 
0.49 

2.68 
1. 19 
1.09 
1.04 
1.25 
1.22 
372 
2.96 

1.93 
2.35 
1.97 
2.55 
0.54 
0.87 

6.13 
10.07 



Difference : 

The results 

obtained as 

Sulphates are; 



— 0.19 
—0.33 
— 0.20 
— 0.26 
—0.19 
--O.34 

— 0-39 
—049 

-0.32 

— 0.27 

— 0.40 

—050 

—0.33 
—0.23 

-0.53 
—0.73 
_o.44 

+0.09 
— -0.07 
+0.19 
— 0.60 
-0.51 
— 0.23 
— 0.26 
— 0.67 
— 0.96 
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The results obtained by the two methods differ very consider- 
ably. As the figures yielded by the Scheibler method were almost 
without exception lower than those found by the other process, the 
suspicion arose that possibly the alkali-sulphates might have been 
partly lost by volatilization, although this was very improbable, 
for the incinerations had all been carried out in a muffle exactly as 
prescribed.* 

However, to settle the question, two tests were made. The sul- 
phate-ash of a Java-sugar was first very carefully determined. 
Then, in test one, there was added to a sample of the sugar equal 
in weight to the amount taken for the original ash determination, 
a known amount of dried and powdered potassium sulphate ; test 
two was carried out in exactly the same manner, only anhydrous 
sodium sulphate was used instead of the potassium salt. The ash 
determinations were then carried out as before. 

The ash originally present in the sugar was 0.680. In test one, 
after subtracting the weight of the potassium sulphate which had 
been added, the ash was 0.680. In test two, after allowing for the 
sodium sulphate, the ash was 0.676, thus proving that the alkali- 
sulphates did not lose in weight by the incineration. 

The explanation of these differences must therefore be sought 
by an analysis of the ash, and the composition of the salts origin- 
ally present in the sugars must be examined into. 

The analyses made, showed that the ashes of these sugars contain 
alkalies (reported in the form of potassium and sodium), ranging 
from 28.8 to 36.4 per cent. ; silica (SiOg) was present from 1.64 to 
1 1.08 per centf Two samples had less than 2 percent.; three 
samples had between 2 per cent, and 3 per cent. ; two, between 
3 per cent, and 4 per cent. ; seven, between 4 per cent, and 5 per 
cent. ; three, between 5 per cent, and 6 per cent. ; three, between 
6 per cent, and 7 per cent. ; one had 8.93 per cent, and one, 11.08 
per cent. 

The only silicates soluble in water, are the silicates of the alkalies, 
hence one is forced to the conclusion that the alkalies in these 
sugars are present, at least in part, in the form of silicates. Analy- 
sis further showed the ash in most samples to be rich in sulphates, 



* " Zeitschrift des Vereines fUr RUbenzucker-Industrie, vol. xvii., p. 338. 
t This represents silica, or rather silicates in solution, as all suspended sand, etc., 
had been removed by filtration. See scheme of analysis given. 
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the sulphuric acid (HjSO^) calculated in percentage on the car- 
bonate ash, ranging from 4.17 to 31.71 per cent. 

How the salts originally present in a sugar are affected by the 
two methods of ash determination here given, is the next question 
to be considered. The salts in a sugar may be assumed to exist 
in the form of silicates, sulphates, chlorides, carbonates, phosphates, 
nitrates, and organic-acid salts, for instance, as oxalates, tartrates, 
malates, and possibly as citrates. 





After simple incineration 


After incineration with su 




will be found as : 


acid will be found as 


Silicates 


silicates 


silicates. 


Sulphates 


sulphates 


sulphates. 


Chlorides 


carbonates* 


sulphates. 


Nitrates 


carbonates 


stilphates. 


Carbonates 


carbonates 


sulphates. 


Organic-acid salts 


carbonates 


sulphates. 



Looking at this table, it is evident that sugars rich in chlorides, 
carbonates, and organic-acid salts, will, on incineration with sul- 
phuric acid, give results that are higher than those obtained by 
simple carbonization, because the molecular weight of the sulphates 
is greater than that of the chlorides or carbonates, into which form 
(/.r., carbonates) the organic-acid salts are transformed by simple 
incineration.f It was this fact, of course, that Scheibler bore in 
mind when he called for the subtraction of one-tenth from the 
weight of the sulphate-ash ; it was this fact, too, that gave rise to 
the difficulties of the French chemists cited, who found that 
Scheibler's factor would not bring the sulphate-ash into agreement 
with the ash obtained by simple incineration.^ 

If, however, the sugars analyzed are similar in composition to 
those here examined ; that is to say, if they be rich in silicates and 
sulphates, the case is an entirely different one, for, although it 
would be extremely difficult, if not impossible, to assign formulae 
for the silicates of the alkalies (as those which occur in nature range 

* Certainly in part, if not wholly. 

+ That the organic-acid salts can be greatly in preponderance appears from analyses 
made by Laugier, " Comptes Rendus," 1878, p. 27, who found in analyzing the fiU- 
mass of a refinery (fourth product), that over 70 per cent, of the salts present, which 
themselves amounted to 10 per cent, of the sugar, consisted of organic acids. 

\ In France, at one time, the factor 0.8 was used in official analyses, while 0.9 was 
adopted in commercial work. 
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between the limits 4M20,Si02 and M20,2Si02\* yet, as the sili- 
cates of the alkali-metals " dissolve with greater facility in propor- 
tion as they contain a larger quantity of base/'f the molecular 
weight will, in any case, be equal to, or greater than, that of the 
alkaline sulphates, and, therefore, the subtraction of one-tenth will 
bring the figures below the true value. To illustrate this, the fol- 
lowing table, while bringing once more the carbonate-ash values 
previously recorded, gives the sulphate-ash values as found; that 
is to say, without subtraction of one-tenth, but of course, as before, 
allowing for the inorganic suspended impurities : 



Analysis 
Number. 



I 
2 

3 
4 
5 
6 

7 
8 

9 
lo 
II 

12 

>3 
H 
15 
i6 

17 
i8 

19 

20 
21 
22 
23 
24 
25 
26 



Sugar. 



Dominica Muscovado, . 
Java, 2d Product, . . . 



JTrinidad Concrete, 
Hollo, .... 



New Orleans Muscovado, . . . 

Melado, ..*.'! 

St. Croix Muscovado, .... 

Ceroons, 

Brazil, 

Java Stroops, 

Mauritius Mol. Sugar, .... 

Superior Cebu Mats, 

Cuba Molasses Sugar, .... 

Taal Mats 

Beet, 2d Product, 

Java Basket, 

St. Kitts Muscovado 

Syrup, Louisiana, 

Syrup, Sandwich Island Sugar, 



Polariza- 


Carbonate 


tion. 


Ash. 


86.0 


' 1.25 


86.5 


1.32 


88 8 


1.06 


86.3 


1.05 


86.7 


0.81 


87.5 


1.26 


84.0 


2.47 


86.6 


191 


80.8 


2.30 


91.2 


076 


80.2 


3.08 


79.1 


1.69 


52.0 


1.42 


88.0 


1.27 


83.8 


1.78 


84.1 


1-95 


77.4 


4.16 


86.4 


2.87 


83.2 


2.00 


84,2 


216 


78.5 


2.57 


92.2 


3.06 


96.7 


0.77 


88.2 


».I3 


409 


6.80 


49.2 


11.03 



Di fference ; 

Sulphate \ The results 

Ash. I obtained as 

I Sulphates are' 



I.2I 
1.25 
0.90 
0.89 

0.6S 
1.04 
2.32 
1.60 
2.20 
0.56 
2.98 

1.73 
123 
1. 16 

1.44 
144 

4.15 
3-33 
2.24 
2.67 
2.44 
2.85 
0.61 
0.98 
6.82 
II. 19 



— 0.04 
—0.07 
— o 16 
—016 
—0.13 
—0.22 
—0.15 
-0.31 

— O.IO 

—0.20 

— O.IO 

+0.04 

—0.19 

— 0. 1 1 

—0.34 
—0.51 

—001 

+046 
-f-0.24 

H-0.5I 
—0.13 
—0.21 
—0.16 
-0.15 
-I-002 
4-0.16 



It will be seen at a glance how much better the results of the 
two methods agree now, but even so, the sulphate-ash is, with few 
exceptions, lower than the other, and, therefore, if any thing, one 
feels tempted to seek for a factor by which to increase the sulphate- 
ash. The exceptions noted are the very ones to prove the rule, or 



• Watts' " Dictionary of Chemistry," vol. v., 



p. 244. 
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rather to bear out the explanation given, for Nos. 25, i8 and 19 
are lowest in silica, containing respectively 0.96, 1.64, and 1.69 per 
cent. No. 20 contains 2.64 per cent, silica, but is the lowest in 
sulphates, and so these sugars in their composition approach more 
closely the beet sugars examined by the European chemists, the 
ash analysis of which, made by Von Lippmann,* may be regarded 
as typical. In this analysis (of a carbonate-ash of beet-sugar) he 
reports, among other constituents : 

Per cent. 

Potassium, 50-87 

Sodium, ♦ . . 9.13 

Sulphuric acid, , 2.04 

Silicic acid, o.io 

In view of the important part that the ash plays in the cost and 
in the yield of raw sugars, it is certainly a matter of no small con- 
sideration to have an analytical method which may be depended 
upon. 

To devise an analytical process by which the actual amount of 
salts in a sugar could be ascertained in every-day practice, that is 
to say. by which the salts present could be quickly and accurately 
determined, seems, in our present state of knowledge, an impossi- 
bility, unless, indeed, the electric-conducting power of dilute sugar 
solutions shall prove to be the means by which this end will be 
attained.f 

Whether any of the numerous methods proposed for determina- 
tion of the ash, as, for instance, Dubrunfaut'sJ suggestion of burning 
the sugars off with spongy platinum, ignition in a current of pure 
oxygen, or the combustion with oxide of zinc, as recently recom- 
mended by Lucien,§ would prove superior to Scheibler's method, 
cannot here be inquired into. 

The great advantage of incineration with sulphuric acid, especi- 
ally as it is now practiced, with addition of a little ether, is not to 
be questioned. The possible objection as to the expense of pla- 
tinum muffles, where several must be used on account of the 
number of daily determinations, has been overcome in our labora- 

* " Zeitschrift des Vereines fiir Riibenzucker-Industrie," vol. xxxi., 1881, p. 399. 
f "Zeitschrift des Vereines fflr RQbenzucker-Industrie," vol. xxxix., p. 432. 
J "Journal des Fabricants de Sucre,** December 18, 1870. 
\ " Bulletin de TAssociation des Chimistes," 1889, p. 356. 
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tory by the use of muffles made of Russian sheet-iron, which may 
be had at one-hundredth the cost of the platinum ware, which last, 
on an average, between three and four months, and which give 
absolutely no contamination to the sugar ashes burned off in them. 
While thus fully appreciating this analytical method, there is no 
reason why countenance should be lent to the practice of changing 
an absolute value obtained by analysis into a problematical figure by 
means of a factor which may give results concordant, too high or 
too low, according to the natureof the sugar examined, and which, 
as far as this item is concerned, leaves to the purchaser really no 
clue as to how his sugars will turn out. Why not accept, as 
already suggested by Dubrunfaut,* as a working factor the sul- 
phate-ash actually obtained ? This, at least, represents a definite 
value upon which calculation may be based, and it is difficult to 
understand how the one-tenth subtraction can have held its sway 
to the present day, when its misleading influence — at least in one 
direction — was pointed out already ten years ago. 



THE MAINTENANCE OF TRACK. 

BY THOMAS J. BRERETON. 

There has been little written to assist the learner in this depart- 
ment of engineering. The knowledge that exists is entirely tra- 
ditional, and such excellent books as those of Mr. Latimer and 
Mr. Parsons — the latter, a graduate of the School of Mines — deal 
with the topic after the manner of those high in authority, who 
may specify what kinds and patterns of materials seem best to 
them. 

In this brief paper I shall merely describe the ordinary opera- 
tions of repairing a railway with whatever material the higher 
authority furnishes. 

Track work is conducted entirely according to seasons. Each 
of the seasons has its appropriate work. As soon as the frost is 
well out of the ground the foreman must start at one end of his 

» " Le Sucre," 1878, vol. ii. 
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division and go entirely over it ** surfacing " his track so that the 
places heaved up by the frost and those depressed are brought to 
the same plane, and after this is done " lining ** it correctly. 

The renewal of rails should follow this operation closely, so 
that the track has no time to get into bad surface before the new 
rails are put down. If the rails are put on track which has a bad 
surface they will become surface-bent, that is, bent in a vertical 
plane and entirely unfit for use, as it is impossible to put such a 
rail into good condition again. The renewal of cross-ties comes 
next where we have renewed the rails. The reason is that the 
joints of the new rails never come in exactly the same places as the 
old, but either run ahead or fall behind the old joints, and if the 
ties are not to be renewed, those that come at the joints, called the 
joint-ties, must be respaced so as to afford the proper support. This 
work lasts well into the summer and often laps over into the fall. 
It is to be understood that the surfacing and lining is conducted 
along with each of these operations, especially the renewing of 
cross ties, and indeed forms the undercurrent of work during the 
entire year. 

We will now suppose that our rails and ties have been renewed, 
and if we have not been impeded by floods and washouts and other 
unfavorable circumstances, and have been supplied with material 
and force in their proper season, we have come to the middle of 
September or perhaps a little later. After the ties are pretty well 
in, say about July, ballasting is in order, and this follows up spac- 
ing and renewing the ties, the new ballast being deposited in the 
places where we have raised the track in order to respace or renew 
the ties. During the summer also the banks have been moved and 
all brush and weeds cut down before they go to seed. 

Late summer and early fall is devoted to ditching, which is car- 
ried on by floating gang and work-train so as not to interfere with 
the other work. 

The autumn work is then surface and line, cleaning up the right 
of way, renewing road crossings and such general work as will 
put the track in good condition for the winter. 

Finally the winter overtakes us. In climates where the ground 
is uniformly frozen during the whole winter, the track retains the 
line and surface given it during the autumn, and little can be done 
beyond shovelling snow. This is the proper time to get the mate- 
rial to make the necessary renewals during the next year. Rails 
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are distributed, cross-ties are cut and delivered at the place where 
they are to be used. 

In variable climates, where the ground is hard with frost one day 
and soft the next, the track requires much more attention, as it is 
then that the action of the frost is the most felt. In well-drained 
and stone-ballasted track this action is a minimum, and ordinary 
surfacing will entirely rectify it. In badly-drained track, and 
either gravel, sand or cinder ballast, the frost will have much 
greater eflfect, and we must either resort to raising up the low por- 
tions by means of wedges between the rail and tie called " shims," 
or, better, to adzing down the ties under the high places to bring 
them down to an even plane with the adjacent portions of the rail. 
Shimming should not be permitted except as a final resort, and 
then only very thin wedges used, to be removed as soon as the 
ground is sufficiently thawed to make ordinary surfacing possible. 
Shims shorten the holding portion of the spike and this allows the 
rails to spread or turn over under a heavy train. 

We may tabulate, then, the seasons' work as follows : 

{General surface and line. • 
Renewal of rails. 
- Renewal of cross-ties, 
r Spacing ties under new rail. 
Summer. I Surface and line. 
'^ Ballasting. 
Ditching. 
Surface and line. 
General cleaning up. 
Renewal of switch ties and road crossings. 

f Shovelling snow. 
Surface and line, 
j Distributing rails and ties. 
(^ Renewals of rails and ties. 

Having thus mapped out the work for the year generally we 
can proceed to consider each operation separately. 

The winter usually leaves the track in pretty bad shape. The 
first operation of the spring is, therefore, to go over the bad places 
and make the surface of the rails even. This is done by raising 
the track either with a track-jack or raising-bar, and tamping 



Autumn. 
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the ballast firmly under the ties immediately under that portion 
upon which the rail bears, until by placing the eye at the level of 
the rail the low spot is seen to be raised to an even plane with the 
adjacent parts. 

A considerable raise, say from 4 to 8 inches may be taken at 
this time where the track is badly sunk in the mud, or where the 
ties are to be renewed immediately, provided there is enough ballast 
at hand to hold the track from moving sidewise under the action 
of locomotives. Ordinarily a simple surfacing is more advisable. 

In lining a straight line the liner stands astride the rail, so that 
his eye is directly over it, and with bars the places out of line are 
brought in line with the rest. In lining a curve he stands near the 
outside rail and lines the inside rail, keeping always the same 
distance back of the bars. 

After the new rails are distributed by the work-train at conve- 
nient places, they are strung out with tongs and coupled together 
alongside the place they are to go, in strings of 20 to 100 rails, 
according to the number of laborers at hand and the length of 
time between trains when they are to go in. The inside spikes of 
the old rail are then drawn, the bed of the rail is adzed on the tie 
to an even surface, the old rail is shoved in by bars, and the new 
rail put to its place against the outside spikes and the inside spikes 
driven again. At the end of the string it will be found that 
the new rails will rarely fit into the same place where the old 
came out, and a piece must be cut to fill the gap. If the new rails 
are of a different height from the old, the difference must be made 
up in the joint so that the tops will be even. In joints of the 
Fisher type this is done by putting a plate under the lower rail ; 
with splice bars a pair must be bent so as to raise the lower rail up. 

In order to renew cross-ties, the ballast must first be cleaned out 
of the track, or the track raised and put on top of the old ballast. 
The spikes are drawn and the rails raised up off the old ties and 
blocked up. The old ties are pulled out endwise arid the new ties 
are drawn in with picks. The number of ties which may be put 
in at once will depend, of course, upon the time between trains. 
Having put in the new ties, they should be surfaced as soon as 
possible. This is done by a following gang where the number of 
laborers is large enough to allow it. The ties should be cut in 
winter when the sap is out of the wood, and should have a face not 
less than 6 inche? , and 7 inches depth by 8 feet 6 inches length. 
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The ends of the ties are brought to line on one side before spiking 
by keeping them the same distance from the rail. Two spikers 
accomplish this, with a man to hold up, with a bar, the tie they are 
spiking. Two other spikers draw the other rail to gauge. 

Where we have renewed the rail and the ties are still good, we 
must respace the latter to bring the ties right at the joints. I have 
indicated in the foregoing remarks the alternative ways of prepar- 
ing the track for ties, either by cleaning out the ballast or by rais- 
ing the track and putting it on top of either all or part of the old 
ballast. Which of these methods is the better depends on local 
circumstances. The former being the resort where it is manifestly 
improper to raise the track, as along passenger or freight platforms, 
under over-head bridges where the head-room may not be dimin- 
ished, at the ends of bridges where the level of the bridge floor 
determines the level of the track, or where a raise has recently 
been made. In these cases the ballast, if broken stone, is shovelled 
out and, after the ties are in place, forked back in order to free it 
from dirt and cinders. In other cases it is cheaper and better to 
raise the track up, pack the old ballast under the ties and, after the 
new ties are put in, back-fill with fresh ballast. 

The character of the ballast used on any road will of course 
modify these operations. Any material used as ballast should have 
the following characteristics : 

1st. It must drain readily such water as falls upon the track into 
the ditches. 

2d. It must have sufficient hardness to prevent it from pulveriz- 
ing under the blows of the tamper, and turning into mud, while 
yet, in case of stone, not too hard to be readily and cheaply 
broken into such sizes as can be used in the track. 

3d. It must have sufficient stability to keep the ties from being 
pounded down into it below their normal plane, and must present 
friction enough to hold them from being forced out of line under 
the locomotive. 

Broken stone, furnace slag, gravel, clean sand and cinders are 
the most approved ballasting materials, as they all possess the above 
qualities and are named in the order in which they have them to 
the greatest extent. Sand and cinder while they are excellent in 
the above qualities yet have the objections that they make an ex- 
ceedingly dusty roadway, disagreeable for passengers and bad for 
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rolling stock, as the dust gets into the machinery of locomotives 
and journals of wheels, quickly cutting them to pieces. 

Broken stone is free from these objections, but the first cost is 
much greater. Gravel stands half way between them, while fur- 
nace slag is often deficient in the second quality named above. 
Good hard limestone makes the best broken stone ballast obtain- 
able. It should be broken to a uniform size. Where the stone is 
crushed by power the ballast should be passed through screens and 
the screenings may be used to advantage in dressing up road- 
crossings, the walks about stations, besides making an excellent 
material for concrete for certain purposes. 

Stone ballast is loaded from the crusher into hopper-bottom cars 
and is unloaded through the hopper in the middle of the track 
where used. Sand and gravel are best loaded by a steam excavator 
on flat cars and unloaded by a large plough drawn over the entire 
train by the locomotive, and the ballast then shovelled into the 
track. The ballast should be lined up on the border to a plank. 
This is regarded by some as extravagant, but it is far neater in 
appearance, saves a great deal of ballast, and in reality costs a very 
little more than a border lined up merely by the fork or shovel. 

During the time we have been making the foregoing repairs our 
floating gangs and work-trains have been carrying on a work of 
vital importance to good track, namely, ditching. Without good 
ditches the trackman labors in vain to have good track. If the 
road-bed was made right at first by the constructing engineer, it 
has a convex surface, high in the middle and low at the ditch line, 
and the ditching will then consist merely of removing the stuff 
which accumulates by the wash from the banks, and of introduc- 
ing cross-drains under the track at convenient places to carry off 
the ditch water into the natural water-courses. 

When this convex surface was not given the road-bed in the 
first place, we must approximate it as nearly as possible. The 
ditch line should not be closer than seven feet to the rail, and 
should be a foot or more below the bottom of the ballast. 

On a long, continuous down-grade along a hillside, the cross 
drains must be close enough together to prevent the water from 
swelling to too large proportions in hard rains. 

In ordinary country, where cuts and fills alternate, it will be 
sufficient to allow the ditches to empty over the banks where the 
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fill commences, taking care to turn them away from the made 
embankment. > 

With our ditches in good trim, the rails and ties good, and sup- 
ported firmly and evenly on good ballast, we may endure the 
enforced inactivity of the winter, when our track force is cut down 
to the lowest figure, and the only track work that can be done is 
to keep the spikes that may have started from their places well 
driven, to keep the frogs and switches well tightened, and free 
from ice and snow, the splice nuts well screwed on, and the track 
patrolled to discover any breaks to which the cold weather makes 
the rails liable. 

A recent writer in Scribner^s Magazine described the duties of 
the trackman as consisting in riding over his division in his hand- 
car and raising low joints. I think enough has been said above to 
show that a foreman who wasted his time in this way would ac- 
complish very little work. He might well be compared to a 
farmer who rode around his farm in a buggy and pulled up the 
weeds. The labors of neither would be crowned with success. 



METHODS OF MODERN PETROGRAPHY. 

BY H. HENSOLDT. 

n. 

Rock-sections and How to Prepare Them. 
(Continued from vol. x., page 219.) 

Great things may be accomplished by very simple means, though 
it does not always follow that simplicity in plan or method is, 
therefore, necessarily an advantage. If an ingenious village car- 
penter or blacksmith has been known to construct a clock that 
kept good time out of a few pieces of wood or old brass, are our 
clockmakers therefore to throw away their more elaborate tools 
and contrivances? Thus, excellent rock-sections maybe produced 
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without the aid of a grinding-bench or the numerous other tools 
and requisites which constitute a regular lapidary *s outfit, by fol- 
lowing the old-fashioned and antediluvian plan of grinding chips 
down by hand on a metal plate ; but the writer is far from recom- 
mending such Robinson-Crusoe methods to those who are seri- 
ously bent upon work. 

Petrographers either desire to prepare their own sections in 
order to avoid the expense of employing a professional lapidary, 
or for the sake of the pleasure which they expect to derive from 
such work ; sometimes, indeed, for both these reasons. On either 
grounds, the Robinson-Crusoe method cannot be recommended. 
If many sections, say a hundred or more, are likely to be required 
in the course of a year, a proper slicing apparatus and grinding- 
bench should be procured by all means. If, on the other hand, 
the occasions for microscopical rock investigation are rate and ex- 
ceptional, the student will do far better by sending his few chips to 
.a lapidary. Those, again, who anticipate pleasure in the various 
processes of practical section-work, the writer would particularly 
advise to secure the best appliances ; they will find the hand-rub- 
bing method anything but agreeable. This latter method, apart 
from its many other drawbacks, requires a far greater degree of 
patience and skill on the part of the operator, and is so slow and 
laborious that a comparison with the other is altogether out of the 
question. It is hardly necessary to point out that the degree of 
difficulty in preparing a section is, in great' measure, determined 
by the character of the material. In the case of certain limestones, 
serpentines, slates, etc., which, though compact, are often so soft 
that slices can be easily cut off with a tret-saw, or thick chips 
ground thin in a few minutes by mere rubbing, the free-hand 
method may answer very well, though even here the grinding- 
bench will be found infinitely more convenient. But when it comes 
to granitic rocks, quartzites, felsites, porphyries, or even basalts, 
trachytes, and rhyolites — and sections of these harder rocks are 
the ones most frequently required — then the hand-grinding method 
becomes a species of torture which would have gladdened the heart 
of any Spanish inquisitor. 

An exhaustive general account of the various processes involved 
in the preparation of thin sections of minerals and rocks is here, 
for obvious reasons, out of the question. A brief compendium 
or synopsis of the writer's individual methods is all that is at- 
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tempted in these notes; for additional information the reader is 
referred to the existing text-books and monographs.* 

The Grinding'bench. 

The most important part of the writer's outfit consists of a 
grinding-bench, which is so constructed that it can, at any moment, 
be converted into a slicing-machine by simply removing one of the 
circular metal plates used for grinding, and inserting in its stead a 
steel pin carrying a diamond saw, a process which requires less 
than five seconds. This grinding-bench is not one of the ram- 
shackle, tottering affairs which many petrographers, through ignor- 
ance or misapplied economy^ have deemed good enough for their 
purpose; no old sewing-machine or turner's lathe rigged out for 
lapidary's work ; but a substantial and solid bench, specially de- 
signed and carefully made for the purpose. It has been in almost 
constant use for nearly ten years, has never been out of order, and 
is still as good as it was when the first section was sliced and ground 
on it As the writer, however, would incur anything rather than 
the suspicion that he has an interest in recommending the ma- 
chines of some particular manufacturer, he desires to add that grind- 
ing-benches, such as the one he uses, are not, to his knowledge, in 
the market. The machine here referred to was made in Germany, 
but there is no reason whatever why all grinding-benches should 
not be constructed on the same model. The essential require- 
ments are, that the bench should be a treadle-machine, about three 
feet six inches high ; that the driving-wheel, spindle, angle-pulleys, 
and treadle should work lightly and almost noiselessly ; that the 
disks used for grinding or slicing should revolve horizontally ; and 
that everything should be of good workmanship, well-fitting, solid, 
and durable. Any machine answering these conditions is a good 
one, no matter how much it may differ in technical details from 
the one used by the writer. f 



♦ Vide H. Rosenbusch, Mikroskopische Physiographies vol. i.,.pp. 7-12. F. Rutley, 
The Study of Rocks^ pp. 59-71. G. H. Williams, Modem Petrography^ pp. 32-35. 

f A. satisfactory description of this grinding-bench would absorb too much space 
and would also necessitate a number of illustrations. The writer shall always be happy 
to show and explain it to those who may call upon him at the School of Mines for that 
purpose, and every petrographer \% welcome to make a sketch of it if he thinks he can 
get one made like it. 
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Diamond-saws and How to Prepare Them. 

However excellent the grinding-bench and the rest of his outfit 
may be, the petrographer, bent upon preparing his own sections, 
would be greatly hampered in his work and, in a measure, helpless 
if he is not provided with a means of slicing minerals and rock- 
specimens with comparative ease and rapidity. No matter how 
skilled he may be in detaching suitable fragments with a hammer 
or chisel, and dressing them so as to require the least amount of 
labor in their subsequent treatment, the method of reducing chips 
by mere grinding is an exceedingly barbarous and clumsy one. 
It should only be resorted to in exceptional cases, when dealing 
with soft, friable, or easily cleavable substances, as it involves a 
great deal of trouble, loss of time, and waste of material and emery, 
besides being ruinous to the grinding-plates or disks. The reason 
why so many petrographers still adhere to this primitive process is 
because they have never been taught, in a practical way, how easy 
it is to slice even the hardest and most refractory specimens by 
means of a diamond-saw. Not that they are unaware of the ex- 
istence of these saws, but until recently they were difficult to pro- 
cure; even now no really good diamond- saws for section purposes 
are in the market, and no reliable method of how to prepare them 
has yet been published ; that given by Rutley, for instance, is very 
vague and unsatisfactory. The fact is, the preparation of diamond- 
saws, simple as it appears, involves one or two ** knacks," which 
professional lapidaries have hitherto managed to keep to them- 
selves as a sort of trade secret. Lapidaries who are employed in 
the jewelry business, cutting agates, blood-stones, amethysts, etc., 
have a method of charging the edges of their slicing-disks with 
diamond-dust, of which they make no secret, and which, indeed, 
is well known, but this method will be found reliable only in the 
case of very hard and homogenous substances, such as jasper, 
agate, rock-crystal, etc., while for slicing granites, schists, lavas, 
porphyries, in fact the great majority of existing rock varieties, it 
is practically of no value whatever. This method is as follows : 
A small quantity of powdered diamond-bort is mixed with sweet 
oil in a watch-glass, so as to form a kind of thin paste. Then, 
while the disk rapidly revolves on the lathe, a little of this paste is 
applied to the edge with a small brush, or a piece of wood shaped 
like a tooth-pick (working lapidaries generally use the middle 
finger of their left hand for this purpose), while a smooth piece ot 
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agate, moistened with petroleum, is at the same time gently pressed 
with the other hand against the running edge. An incredibly 
small quantity of diamond-dust suffices for this operation, which 
requires less than half a minute, and disks thus prepared will cut 
from twenty to fifty slices, averaging one square inch in surface 
without re-charging, but, as already stated, only agates, jaspers, 
and similar hard, homogenous substances may be thus cut. The 
moment one attempts to use a saw prepared in this manner on a 
granite or other true rock, the diamond-edge is usually lost. Some- 
times a slice or two may be secured under favorable conditions, 
but failure is the rule ; the diamond-powder is torn out, or absorbed, 
as it were, in an instant. 

Several years digo^ prepared diamond-saws for slicing rocks and 
minerals were advertised by a certain manufacturer in Providence, 
R. I., who is still engaged in their production. These saws were 
highly recommended by at least one well-known petrographer, 
and were stated to give general satisfaction. The writer, though 
in the habit of preparing his own saws, was tempted to order a few 
(less than half a dozen the manufacturer would not supply, as his 
prices, though exorbitant, were " dozen prices "), but the results 
were not such as would induce him to repeat the experiment. Out 
of six saws there were only two that would cut. In the others, 
though manipulated with great care, the diamond-edge was lost be- 
fore even one slice of a tolerably homogenous rock had been com- 
pleted. Of the two ** good " saws, one worked fairly well for about 
three days, during which eighteen slices, averaging one square 
inch each, were taken ; the other gave out on the second day dur- 
ing the eleventh cut. In addition to this, the disks were not even 
perfectly round, wabbling, and of the worst possible workmanship. 
The experiences of others who have tried these celebrated saws 
have been similar ; and if they are really used by the United States 
Geological Survey, as has been alleged, the writer can only record 
his astonishment. 

The following is the writer's method of preparing diamond- 
saws, which he can confidently recommend to all petrographers. 
It is quick, cheap, efficient, and requires neither complicated tools 
nor exceptional skill : Let a tinsmith cut about half a dozen disks 
of ordinary sheet-tin (tinned iron, about one thirty-sixth of an inch 
thick). The diameter may be six, seven, eight or more inches, but 
the larger sizes are not to be recommended, the best and most con- 

VOL, XI.— 3 
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venient diameter for general work being six inches. Buy one or 
two carats of diamond-bort* — the rough diamonds, not the pre- 
pared stuff, which is generally adulterated and too finely powdered 
for this purpose — and crush it in a small steel mortar, but without 
reducing it to powder. If no suitable mortar is available a small 
anvil or flat piece of steel or iron will do, after a rim of paper 
several inches high has been pasted around to prevent the escape 
of flying particles. The diamond may be crushed either by re- 
peated blows with a small hammer, or by means of a steel pin, one- 
fourth of an inch thick, one end of which is placed in contact with 
the crystal, while the other is struck once or twice with consider- 
able force. The diamond-bort, as already observed, should not be 
reduced to a flour-like powder, but should be left of a certain coarse- 
ness, resembling very fine sand. The mortar is now carefully 
emptied over a sheet of paper, and the diamond-dust transferred to" 
a flat piece of steel or iron, so as to form a small heap in the cen- 
tre, which is then moistened with a drop of oil. Or, if the crush- 
ing has been effected on a level surface, it will suffice to scrape the 
powder into a heap with the blade of a penknife. 

Now, take one. of the tin disks, and with a sharp, thin-bladed 
knife (a kitchen knife will do very well) produce a large number 
of incisions on the outer margin of the disk. This is easily and 
simply effected by striking the margin with the knife-edge, as with 
a hammer, gently, yet with a certain force, so that an incision about 
one-sixteenth of an inch in depth is produced with each blow, the 
disk being slowly turned during the process. This operation re- 
quires a certain amount of patience and dexterity, yet no special 
skill ; it can be completed in less than five minutes. It is best per- 
formed while sitting on a chair ; the disk should be held vertically, 
the lower margin resting on the knee while the upper part is struck 
with the knife. The larger the number of incisions, and the closer 
they are together, the better. Regularity or symmetry is by no 
means essential, though after a little practice they are invariably 
acquired. 

This, the most laborious part of our task, being completed, there 
only remains the process of charging the edge thus prepared with 
the diamond. This is accomplished by gently hammering the 

* Can be procured from most gem dealers, for instance, Fox & Co., Maiden Lane, 
New York City. The price varies according to market quotations, but is seldom 
higher than %\sxi per carat. 
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disk-edge against that part of the iron or steel plate which con- 
tains the little heap of moistened powder. The disk, of course, is 
slowly turned during the manipulation until the entire edge has been 
charged, and it is always best to continue hammering until the disk 
has revolved two or three times, in order to secure a good, lasting 
diamond-edge. There is absolutely no waste of diamond- dust 
possible ; one carat will suffice for charging thirty saws, each of 
which will outlast a hundred of the celebrated Providence wab- 
blers, while the expense incurred is considerably below ten cents 
per saw. 

The method of mounting a diamond-saw and affixing it to the 
grinding-bench is, of course, more or less determined by the char- 
acter of the spindle. The writer prefers a horizontal rotation for 
slicing as well as grinding, and fastens his saws by means of a 
screw to a conical steel pin, about one and one-half inches long. 
The disk is placed between two " washers," viz. : thin metal 
plates, about one and one-half or two inches in diameter, and care- 
fully adjusted until it revolves concentrically, before the screw is 
tightened. The pin is then inserted into the spindle, which is pro- 
vided with a conical perforation for this purpose, in which it is 
held by mere friction during the process of slicing. The specimen 
to be sliced is cemented with sealing-wax, or, better still, a mixture 
of shellac and Venice turpentine, to a rectangular piece of marble, 
siliceous slate or any other kind of homogenous rock ; a smooth 
fire-brick, cut to suitable size, answers admirably. This block or 
slab should be about eight inches long, two inches broad, and at 
least an inch thick, so that when placed under the saw its distance 
from the latter is about one-fourth of an inch. A number of small 
pieces of glass or metal should be held in readiness, and, accord- 
ing to the desired thickness of the slice, two or more of these are 
placed under the slab until the latter is raised to the proper height. 
During the process of slicing, gently push the end of the slab which 
carries the specimen against the edge of the saw. 

Petroleum has been advocated by some as the best lubricant, 
but the writer has for years employed only water, and has found 
it to be not merely the most convenient but, beyond comparison, 
the best. The disk should never be allowed to become dry ; the 
water is best supplied from a small reservoir in the shape of a tin 
can, hung against the wall a little above the grinding-bench. The 
can should be provided with a small tap, to which a thin India- 
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rubber tube can be affixed, and so adjusted that the water drips on 
the disk at the rate of about three drops per second. The slicing 
process is accelerated if a quantity of soda (the ordinary carbonate) 
is previously dissolved in the water, or if a piece of soap is held 
against the edge during cutting. 

The time required in slicing a specimen depends, of course, on 
the condition of the saw, the character of the material and size of 
the cutting-surface. With a tolerably good saw, a section of agate 
one square inch in surface should not occupy more than two 
minutes, granite about one minute, basalt, trachyte, serpentine, 
limestone, etc., from twenty to forty seconds. When the section 
is cut it may be removed from the slab by holding the latter for 
awhile over a spirit lamp, and if another slice should be required, 
which is seldom the case, the upper piece is again cemented to the 
slab. 

(To be continued.) 



TABLES OF THE DIMENSIONS AND PERFORMANCES 

OF CERTAIN MULTIPLE EXPANSION MARINE 

AND PUMPING-ENGINES.* 

BY G. SYDNEY PERCIVAL. 

In the preparation of these tables, the following literature on 
the subject has been consulted : Modern Steam Practice and Engi- 
neering, Winton and Millar; Modtrn American Marine Engines, 
Emory Edwards ; Trans. English Soc. M. E., Trans. English Soc. 
C. E., Trans. Am. Soc. M. £., Trans. Am. Soc. C. E. Periodicals : 
A^n. Engineer, Ry. and Eng. Journal, Sci. Am. Sup., Iron Age^ En- 
gineering (London), The Engineer (London). 

The tables have been divided as follows : Table I.. Boilers ; Table 
II., Engines; Table III., Pumps; and Table IV., Condensers; the 
numbers on the different tables of each example of marine and 
pumping-engines corresponding. 

* The compilation herewith presented was made in pursuance of and as part of the 
post-graduate course in mechanical engineering in the School of Mines, for 1888-89. 
The tables bring together matter usually only to be obtained at cost of much research 
and expenditure of time, and will be found useful to investigators. — [Eds.] 
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In preparing these tables, the attempt was made to obtain about 
an equal number of examples, both American and English prac- 
tice, of each of the five different classes. Although this has been 
accomplished in the case of compound marine and pumping-en- 
gines, the comparatively recent date of introduction, and conse- 
quent lack of data, has compelled reference to a less number of 
triple and especially quadruple expansion-engines. 
1889. 

TABLE IV.— CONDENSER. 
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TABLE IV.— CONDENSER— O-n/miw'a'. 
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THE MONTANA SCHOOL OF MINES. 

BY F. W. TRAPHAGEN. 

About a year ago a School of Mines was founded in connection 
with the College of Montana. The object of the school is to fill 
a place which we believe is not occupied by any western institu- 
tion. We have taken the Columbia College School of Mines for 
our model, and aim to copy it as far as practicable. Our Board of 
Trustees considers the Columbia School of Mines to be the best 
of its type in the United States, have called Columbia men to our 
faculty, and intend filling chairs as rapidly as established with men 
from that institution. We have only outlined one course so far, 
that of mining engineering, but will offer other courses as neces- 
sity demands and our faculty increases. 

Our course is four years long, and we do not admit special stu- 
dents. The students spend much more time in the laboratories 
than is usually given in this course, and the work will cover more 
than two years complete, but will extend through the four years, 
qualitative analysis being taught the first year, quantitative analy- 
sis in the second and third years, and assaying in the fourth ; the 
work in blowpiping and mineralogy extending through the second 
and third years. 

Our laboratories are well fitted, and the students enthusia^^tic in 
their work. We give our men an amount of drawing equivalent 
to that given in the mining engineering course at Columbia. We 
have special advantages for field-work in surveying, a large campus 
and open fields east and south of us, so that we lose no time in 
getting to our work. We are in the midst of a mining district, 
and can give our men practice in mine location, mineral survey- 
ing, etc. Our surveying outfit is excellent. 

Our nearness to the large mines of the territory give us very 
great advantage for teaching practical mining, timbering, etc. We 
are within sight of the smoke from the smelters at Anaconda, and 
can readily reach the Pioneer placers, the silver-lead furnaces at 
Glendale, the copper plant of the Parrot Company, and the many 
silver mills in Butte and on every side of us. 

Our collection of minerals, fossils, and rocks is becoming well 
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filled, although the variety is not great. We need especially a 
larger variety of the silicates and gangue minerals, and would be 
glad to arrange exchanges, offering the minerals of our own sec- 
tion. Of fossils only the lower Silurian and Niagara groups are 
well represented. Our herbarium is increasing rapidly in size, 
thanks to the aid of Dr. Britton and Dr. Rusby. Our income, of 
course, is very much less than our current expenses, and we thank 
the general department of the College of Montana for the aid 
which enables us to continue. We are not supported as we feel 
we should be, but expect to do better when we have graduated 
several classes and have alumni to work for us, as we know from 
Columbia's experience that this is a valuable factor. It will be 
more than two years, however, before we have a graduating class, 
as at present we have but two classes, a first and a second year 
class. 

The people of the territory are too much absorbed in other mat- 
ters to give much attention to us, so that as yet we are obliged to 
depend entirely upon our own efforts, 

Montana School of Mines, 

Deer Lodge City, Montana. 



SUMMARY OF USEFUL TESTS WITH THE 
; BLOWPIPE. 

BY A. J. MOSES. 

The following selection includes only the tests used in the in- 
struction at the Mineralogical Laboratory of the School of Mines. 
It is believed that the omitted tests have always been omitted for 
cause, either as less characteristic, or less easily obtained, or from 
the need of some unusual or not easily handled reagent 

The details of ordinary manipulations, such as obtaining beads, 
flames, coatings and sublimates, are omitted and the results alone 
stated; unusual manipulations are described. The bead tests 
are supposed to be obtained with oxides ; the other tests are in 
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general true of all compounds not expressly excluded. The course 
to be followed in the case of interfering elements is briefly stated.* 

ALUMINIUM, Ai. 

With Soda, — Swells and forms an infusible compound. 
With Borax or S. Fh. — Clear or cloudy, never opaque. 
If With Coda/t Solution, — Fine blue when cold. 

AMMONIUM, NH3. 

In Closed Tube, — Evolution of gas with the characteristic odor. 
Soda or lime assists the reaction. The gas turns red litmus paper 
blue and forms white clouds with HCl vapor. 

ANTIMONY, Sb. 

On Coal, R. /^J — Volatile white coat, bluish in thin layers, con- 
tinues to form after cessation of blast. 

With Bismuth Flux: 

On Plaster. — Orange-red coat, made orange by (NHJ,S. 
On Coal, — Faint yellow or red coat. 

In Open Tube, — Dense, white, non-volatile, amorphous sublimate. 
The sulphide, too rapidly heated, will yield spots of red. 

In Closed Tube, — The oxide will yield a white fusible sublimate 
of needle crystals, the sulphide, a black sublimate red when cold. 

Flame, — Pale yellow-green. 

With S. Ph. — Dissolved by O. F. and treated on coal with tin 
in R. F. becomes gray to black. 

Interfering Elements. 

Arsenic, — Remove by gentle O. F. on coal. 

Arsenic with Sulphur, — Remove by gently heating in closed 
tube. 

Copper. — The S. Ph. bead with tin in R. F. may be momentarily 
red but will blacken. 

Lead or Bismuth. — Retard formation of their coats by inter- 

* See also this Journal, vol. viii , p. 259, and vol. x., p. 321. 

t Certain phosphates, borates and fusible silicates become blue in absence of 
alumina. 

X This coat may be further tested by S. Ph. or flame. 



Digitized by VjOOQIC 



USEFUL TESTS WITH THE BLOWPIPE. 43 

mittent blast, or by boracic acid. Confirm coat by flame, not by 
S. Ph. 

ARSENIC, As. 
On Smoked Plaster, — White coat of octahedral crystals. 
On Coal. — Very volatile white coat and strong garlic odor. 
The oxide and sulphide should be mixed with soda. 
With Bismuth Flux : 

On Plaster. — Reddish orange coat, made yellow by (NH4)a S. 
On Coal. — Faint yellow coat. 
In Open Tube. — White sublimate of octahedral crystals. Too 
high heat may form brown suboxide or red or yellow sulphide. 

In Closed Tube. — May obtain white oxide, yellow or red sul- 
phide, or black mirror of metal. 
Flame. — Pale azure blue. 

Interfering Elements. 

Antimony. — Heat in closed tube with soda and charcoal, treat 
resulting mirror in O. F. for odor. 

Cobalt or Nickel. — Fuse in O. F. with lead and recognize by 
odor. 
Sulphur.-— {a) Red to yellow sublimate of sulphide of arsenic in 
closed tube. 
{b) Odor when fused with soda on coal. 

BARIUM, Ba. 

On Coal with Soda. — Fuses and sinks into the coal. 
Flame. — Yellowish green improved by moistening with HCl. 
With Borax or S. Ph. — Clear and colorless, can be flamed 
opaque-white. 

BISMUTH, Bl. 

On Coal. — In either flame is reduced to brittle metal and yields 
a volatile coat, dark orange yellow hot, lemon yellow cold, with 
yellowish-white border. 
With Bismuth Flux .•* 

On Plaster. — Bright scarlet coat surrounded by chocolate 
brown, with sometimes a reddish border. The brown 
may be made red by ammonia.f 



* Sulphur 2 parts, potassic iodide i part, potassic bisulphate I part, 
f May be obtained by heating S. Ph. on the assay. 
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On Coal. — Bright red coat with sometimes an inner fringe 
of yellow. 
With S. Ph. — Dissolved by O. F. and treated on coal with 
tin in R. F. is colorless hot but blackish gray and opaque 
cold. 

Interfering Elements. 

Antimony, — Treat on coal with boracic acid, and treat the re- 
sulting slag on plaster with bismuth flux. 
Lead. — Dissolve coat in S. Ph. as above. 

BORON, B. 

All borates intumesce and fuse to a bead. 

Flame, — Yellowish green. May be assisted by : {a) Moistening 
with H2SO4; [b) Mixing to paste with water, and boracic acid 
flux (4^ pts. KHSO4, I pt. CaF,) ; {c) By mixing to paste with 
H,SO, and NH,F. 

BROMINE, Br. 

With 5. Ph. Saturated With CuO. — Treated at tip of blue flame, 
the bead will be surrounded by greenish blue flame. 
In Matrass With KHSO^. — Brown choking vapor. 

Interfering Elements. 

Silver, — The bromide melts in KHSO^ and forms a blood-red 
globule which cools yellow and becomes green in the sunlight. 

CADMIUM, Cd. 

On CoalR, F, — Dark brown coat, greenish yellow in thin layers. 
Beyond the coat, at first part of operation, the coal shows a varie- 
gated tarnish. 

On Smoked Plaster with Bismuth Flux. — White coat made orange 

by(NlUS. 

With Borax or S, Ph, — O. F. clear yellow hot, colorless cold, 
can be flamed milk-white. The hot bead touched to 
NajSgOa becomes yellow. 

R. F. Becomes slowly colorless. 

Interfering Elements. 
Lead, Bismuth, Zinc. — Collect the coat, mix with charcoal dust 
and heat gently in a closed tube. Cadmium will yield either a 
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reddish brown ring or a metallic mirror. Before collecting coat 
treat it with O. F. to remove arsenic. 

CALCIUM, Ca. 

On Coal with Soda. — Insoluble and not absorbed by the coal. 
Flame, — Yellowish red improved by moistening with HCl. 
With Borax or S. PA. — Clear and colorless, can be flamed opaque. 

CARBONIC ACID, CO,. 

WifA Nitric Acid, — Heat with water and then with dilute acid. 
CO, will be set free with effervescence. The escaping gas will 
render lime-water turbid. 

With Borax or S,- Ph, — After the flux has been fused to a clear 
bead, the addition of a carbonate will cause effervescence during 
further fusion. 

CHLORINE, CL 

With 5. Ph. Saturated with CuO. — Treated at tip of blue flame, 
the bead will be surrounded by an intense azure-blue flame. 

On Coal with CuO, — Grind with a drop of HjSO^, spread the 
paste on coal, dry gently in O. F. and treat with blue flame, which 
will be colored greenish-blue and then azure-blue. 

CHROMIUM, Cr. 

With Borax or S. Ph. — O. F. Reddish hot, fine yellow-green 
cold. 
R. F. In borax, green hot and cold. In S. Ph. red hot, 
green cold. 
With Soda. — O. F. Dark yellow hot, opaque and light yellow 
cold. 
R. F. Opaque and yellowish-green cold. 

Interfering Elements. 

Manganese, — The soda bead in O. F. will be bright yellowish- 
green. 

COBALT, Co. 

On Coal, R. F. — The oxide becomes magnetic metal. The solu- 
tion in HCl will be rose-red but on evaporation will be blue. 
With Borax or S. Ph, — Pure blue in either flame. 
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Interfering Elements. 

Arsenic, — Roast and scorify with successive additions of borax. 
There may be, in order given : Yellow (iron), green (iron and 
cobalt), blue (cobalt), reddish-brown (nickel), green (nickel and 
copper), blue (copper). 

Copper and other Elements which Color Stronc^ly. — Fuse with 
borax and lead on coal in R. F. The borax on platinum wire in 
O. F. will show the cobalt, except when obscured by much iron 
or chromium. 

Iron, Nickel or Chromium, — Fuse in R. F. with a little metallic 
arsenic, then treat as an arsenide. 

Sulphur or Selenium, — Roast and scorify with borax, as before 
described. 

COPPER, Cu. 

On Coal R. F, — Formation of red malleable metal. 
"^ Flame. — Emerald-green or azure-blue, according to compound. 
The azure-blue flame may be obtained : 

{a) By moistening with HCl or aqua regiaT, drying gently in O. 
F. and heating strongly in R. F. 

[b) By saturating S. Ph. bead with substance, adding common 
salt, and treating with blue flame. 

With Borax ^ or S, Ph. — O. F. Green hot, blue or greenish- 
blue cold. 
R. F. Greenish or colorless hot, opaque and brownish-red 
cold. With tin on coal this reaction is more delicate. 

Interfering Elements. 

XGeneral Method. — Roast thoroughly, treat with borax on coal 
in strong R. F., and 

If Button Forms. — Separate the button from the slag, remove 
any lead from it by O. F., and make either S. Ph. or flame 
test upon residual button. 
If no Visible Button Forms, — Add test lead to the borax fusion, 
continue the reduction, separate the button and treat as in 
next test. (Lead Alloy.) 

* Sulphur, selenium and arsenic should be removed by roasting. Lead necessitates 
a gentle heat. 

t By repeated slow oxidation and reduction, a borax bead becomes ruby red. 
\ Oxides, sulphides, sulphates are best reduced by a mixture of soda and borax. 
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Lead or Bismuth Alloys. — Treat with frequently changed boracic 
acid in strong R. F., noting the appearance of slag and residual 
button. 

Trace. — A red spot in the slag. 

Over One Per Cent. — ^The residual button will be bluish-green 
when melted, will dissolve in the slag and color it red upon 
application of the O. F., or may be removed from the slag 
and be submitted to either the S. Ph. or the flame test. 

FLUORINE, F, 

Etching Test. — If fluorine is released it will corrode glass in 
cloudy patches, and in presence of silica there will be a deposit 
on the glass. According to the refractoriness of the compound 
the fluorine may be released : 

{a) In closed tube by heat. 

{b) In closed tube by heat and KHSO^ 

(c) In open tube by heat and glass of S. Ph. 

With Cone. H^SO^ and SiO^. — If heated and the fumes condensed 
by a drop of water upon a platinum wire, a film of silicic acid will 
form upon the water. 

IODINE, I. 

With 5. Ph. Saturated with CuO. — Treated at the tip of the blue 
flame the bead is surrounded by an intense emerald-green flame. 

In Matrass with KHSO^. — Violet choking vapor and brown 
sublimate. 

In Open Tube with Equal Parts Bismuth Oxide, Sulphur and 
Soda. — A brick-red sublimate. 

With Starch Paper. — The vapor turns the paper dark purple. 

Interfering Elements. 

Silver. — The iodide melts in KHSO4 to a dark red globule, yel- 
low on cooling, and unchanged by sunlight. 

IRON, Fe. 

On Coal. — R. F. Many compounds become magnetic. Soda 
assists the reaction. 

* With Borax, — O. F. Yellow to red hot. colorless to yellow cold. 

* A slight yellow color can only be attributed to iron, when there is no decided color 
produced by either flame in highly charged beads of borax and S. Ph. 
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R. F. Bottle-green. With tin on coal, vitriol-green. 
With S. Ph. — O. F. Yellow to red hot, greenish while cooling, 
colorless to yellow cold. 
R. F. Red hot and cold, greenish while cooling. 
State of the Iron, — A borax bead blue from CuO is made red by 
FeO, and greenish by FcjO,. 

Interfering Elements. 

Chromium, — Fuse with nitrate and carbonate of soda on pla- 
tinum, dissolve in water and test residue for iron. 

Cobalt, — By dilution the blue of cobalt in borax may often be 
lost before the yellow of iron. 

Copper, — May be removed from borax bead by fusion with lead 
on coal in R. F. 

Manganese, — [a) May be faded from borax bead by treatment 
with tin on coal in R. F. 
{b) May be faded from S. Ph. bead by R. F. 

Nickel, — May be faded from borax bead by R. F. 

Tungsten or Titanium, — The S. Ph. bead in R. F. will be reddish- 
brown instead of blue or violet. 

Uranium, — As with chromium. 

Alloys, Sulphides, Arsenides, etc. — Roast, treat with borax on coal 
in R. F., then treat borax in R. F. to remove reducible metals. 

LEAD, Pb. 

On Coal.* — In either flame is reduced to malleable metal and 
yields, near the assay, a dark lemon-yellow coat, sulphur-yellow 
cold and bluish-white at border. 
With Bismuth Flux : 

On Plaster. — Chrome-yellow coat, blackened by (NH4),S. 
On Coal. — Volatile yellow coat, darker hot. 
Flame. — Azure-blue. 

With Borax or S, Ph. — O. F. Yellow hot, colorless cold, flames 
opaque-yellow. 
R F. Borax bead becomes clear. S. Ph. bead cloudy. 

Interfering Elements. 

Antimony. — Treat on coal with boracic acid, and treat the re- 
sulting slag on plaster with bismuth flux. 



* The phosphate yields no coat without the aid of a flux. 
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Arsenic Sulphide. — Remove by gentle O. F. 
Cadmium, — Remove by R. F. 

Bismuth, — Usually the bismuth flux tests on plaster are sufficient. 
In addition the lead coat should color the R. F. blue. 

LITHIUM, Li. 

Flame, — Crimson, best obtained by gently heating near the wick. 

Interfering Elements. 

Sodium, {a) Use a gentle flame and heat near the wick. \b) Fuse 
on platinum wire with baric chloride in O. F. The flame will be 
first strong yellow, then green, and lastly, crimson. 

Calciufn or Strontium. — As these elements do not color the flame 
in the presence of baric chloride, the above test will answer. 

Silicon, — Make into a paste with boracic acid flux and water, and 
fuse in the blue flame. Just after the flux fuses the red flame will 
appear. 

MAGNESIUM, Mg. 

Oji Coal with Soda. — Insoluble, and not absorbed by the coal. 

With Borax or S. Ph. — Clear and colorless, can be flamed opaque- 
white. 

With Cobalt Solution,^ — Strongly heated becomes a pale flesh 
color. 

MANGANESE, Mn. 

t With Borax or S. Ph. — O. F. Amethystine hot, reddens on cool- 
ing. With much, is black and opaque. If a hot bead is 
touched to a crystal of sodic nitrate an amethystine or 
rose-colored froth is formed. 
R. F. Colorless or with black spots. 
With Soda. — O. F. Bluish-green and opaque when cold. Sodic 
nitrate assists the reaction. 

Interfering Elements. 

Chromiuni. — The soda bead in O. F, will be bright yellowish- 
green instead of bluish-green. 

Silicon. — Dissolve in borax, then make soda fusion. 

* With silicates this reaction is of use only in the absence of coloring oxides. The 
phosphate, arsenate and borate become violet-red. 
• t The colors are more intense with borax than with S. Ph. 
VOL. XI.— 4 
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MERCURY, Hg. 

With Bismuth Flux : 

On Plaster. — Volatile yellow and scarlet coat. If too 

strongly heated the coat is black and yellow. 
On Coal. — Faint yellow coat at a distance. 

* In Matrass with Dry Soda or with Litliarge.^-WxxxoX'V^^ 
sublimate, which may be collected in globules. 

MOLYBDENUM, Mo. 

On Goal, — O. F. A coat yellowish hot, white cold, crystalline 
near assay. 
R. F. The coat is turned in part deep blue, in part dark 
copper-red. 
Flame. — Yellowish-green. 
With Borax. — O. F. Yellow hot, colorless cold. 

R. F. Brown to black and opaque. 
With S, Ph. — O. F. Yellowish-green hot, colorless cold.f 

R. F. Emerald green. 
Dilute ( J^) HCl Solutions. — If insoluble the substance may first 
be fused with S. Ph. in O. F. If then dissolved in the acid and 
heated with metallic tin, zinc or copper, the solutions will be suc- 
cessively blue, green and brown. If the S, Ph. bead has been 
treated in R. F. the solution will become brown. 

NICKEL, Ni. 

On Coal. — R. F. The oxide becomes magnetic. 

With Borax. — O. F. Violet hot, pale reddish-brown cold. 

R. F. Cloudy and finally clear and colorless. 
With S. Ph.—O. F. Red hot, yellow cold. 

R. F. Red hot, yellow cold. On coal- with tin becomes 
colorless. 

Interfering Elements. 

General Method. — Saturate two or three borax beads with roasted 
substance, and treat on coal with a strong R. F. If a visible button 
results, separate it from the borax, and treat with S. Ph. in the 
O. F., replacing the S. Ph. when a color is obtained. 

* Gold-leaf is whitened by the slightest trace of vapor of mercury. 

f Crushed between damp unglazed paper becomes red, brown, purple or blue, ac- 
cording to amount present. 
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If no visible button results, add either a small gold button or a 
few grains of test lead. Continue the reduction, and : 

With Gold, — Treat the gold alloy on coal with S. Ph. in strong 

O. F. 
With Lead, — Scorify button with boracic acid to small size, 
complete the removal of lead by O.'F. on coal, and treat 
residual button with S. Ph. in O. F. 
Arsenic. — Roast thoroughly, treat with borax in R. F. as long as 
it shows color, treat residual button with S. Ph. in O. F. 

Alloys. — Roast and melt with frequently changed borax in R,.F., 
adding a little lead if infusible. When the borax is no longer 
colored, treat residual button with S. Ph. in O. F. 

NITRIC ACID. HNO,. 

In Matrass with KHSO^.orin Closed Tube with Litharge, — Brown 
fumes with characteristic odor. The fumes will turn ferrous sul- 
phate paper brown. 

PHOSPHORUS. P, 

Flame. — Greenish-blue, momentary. Improved by cone. H2SO4. 

In Closed Tube with Dry Soda a7id Magnesium, — The soda and 
substance are mixed in equal parts and dried, and made to cover 
the magnesium. Upon strongly heating there will be a vivid in- 
candescence, and the resulting mass, crushed and moistened, will 
yield the odor of phosphu retted hydrogen. 

POTASSIUM, K. 

Flame, — Violet, except borates and phosphates. 

Interfering Elements. 

Sodium, — {a) The flame, through blue glass, will be violet or 

blue. 
{J>) A bead of borax and a little boracic acid, made brown 

by nickel, will become blue on addition of a potassium 

compound. 
Lithium. — The flame, through green glass, will be bluish-green. 

SELENIUM, Se. 

On Coal, R. F. — Disagreeable horse-radish odor, brown fumes, 
and a volatile steel-gray coat with a red border. 
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In Open Tube. — Steel-gray sublimate, with red border, some- 
times white crj'Stals. 

In Closed Tube, — Dark-red sublimate and horse-radish odor. 

Flame. — Azure-blue. 

On Coal with Soda. — Thoroughly fu.se in R. F., place on bright 
silver, moisten, crush, and let stand. The silver will be blackened. 

SILICON, Si. 

On Cool with Soda. — With its own volume of soda, dissolves with 
effervescence to a clear bead. With more soda the bead is opaque. 

With Borax. — Clear and colorless. 

With S. Ph, — Insoluble. The test made upon a small fragment 
will usually show a translucent mass of undissolved matter of the 
shape of the original fragment. 

When not decomposed by S. Ph., dissolve in borax nearly to 
saturation, add S. Ph., and re-heat for a moment. The bead will 
become milky or opaque white. 

SILVER, Ag. 

On Coal, — Reduction to malleable white metal. 

With Borax or S. Ph. — O. F. Opalescent. 

Cupellation, — Fuse on coal with i vol. of borax glass and i to 
2 vols, of test lead in R. F. for about two minutes. Remove button 
and scorify it in R. F. with fresh borax, then place button on cupel 
and blow O. F. across it, using as strong blast and as little flame as 
are consistent with keeping button melted. 

If the litharge is dark, or if the button freezes before brightening, or 
if it brightens but is not spherical, rescorify it on coal with borax, 
add more test lead, and again cupel until there remains only a white 
spherical button of silver. 

SODIUM, Na. 

Flame. — Strong reddish-yellow. 

STRONTIUM, Sr. 

On Coal with Soda, — Insoluble^ absorbed by the coal. 
Flame. — Intense crimson, improved by moistening with HCl. 
With Borax or S, Ph, — Clear and colorless; can be flamed 
opaque. 
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Interfering Elements. 

Barium. — The red flame may show upon first introduction of 
the sample into the flame, but it is afterward turned brownish- 
yellow. 

Lithium. — Fuse with baric chloride, by which the lithium flame 
is unchanged. 

SULPHUR, S. 

On Coal with Soda and a Little Borax. — Thoroughly fuse in the 
R. F., and either : 

{a) Place on bright silver, moisten, crush and let stand. The 

silver will become brown to black. Or, 
{b) Heat with dilute HCl (sometimes with powdered zinc) ; 
the odor of HjS will be observed. 
In Open Tube. — Suffocating fumes. Some sulphates are unaf- 
fected. 

In Closed Tube. — May have sublimate red when hot. yellow cold, 
or sublimate of undecomposed sulphide, or the substance may be 
unaffected. 

With Soda and Silica (equal parts). — A yellow or red bead. 
To Determine W/tether Sulphide or Sulphate, — Fuse with soda on 
platinum foil. The sulphide only will stain silver. 

TELLURIUM, Te. 

On Coal. — Volatile white coat with red or yellow border. If 
the fumes are caught on porcelain, the resulting gray or brown 
film may be turned crimson when moistened with cone. HgSO^, 
and gently heated. 

On Coal with Soda. — Thoroughly fuse in R. F. Place on bright 
silver, moisten, crush and let stand. The silver will be blackened. 

Flame. —Green. 

In Open Tube. — Gray sublimate fusible to clear drops. 

With HzSO^ (cone). — Boiled a moment, there results a purple 
violet solution, which loses its color on further heating or on dilu- 
tion. 

TIN, Sn. 

On Coal. — O. F. The oxide becomes yellow and luminous* 

R. F. A slight coat, assisted by addition of sulphur or soda. 
With Cobalt Solution. — Moisten the coal, in front of the assay, 



Digitized by VjOOQIC 



54 THE QUARTERLY. 

with the solution, and blow a strong R. F. upon the assay. The 
coat will be bluish-green when cold. 

With CuO in Borax Bead. — A faint blue bead is made reddish- 
brown or ruby-red by heating a moment in R. F. with a tin com- 
pound. 

Interfering Elements. 

Lead or Bismuth {Alloys.) — It is fair proof of tin if such an alloy 
oxidizes rapidly with sprouting and cannot be kept fused. 

Zinc, — On coal with soda, borax and charcoal in R. F. the tin 
will be reduced, the zinc volatilized ; the tin may then be washed 
from the fused mass. 

TITANIUM, Tl. 
With Borax.— O. F. Colorless to yellow hot, colorless cold, 
opalescent or opaque-white by flaming. 
R. F. Yellow to brown, enamel blue by flaming. 
With S. Ph.—O. F. As with borax. 
R. F. Yellow hot, violet cold. 
HCl Solutions. — If insoluble the substance may first be fused 
with S. Ph. or with soda and reduced. If then dissolved in dilute 
acid and heated with metallic tin, the solution will become violet 
after standing. Usually there will also be a turbid violet precipi- 
tate, which becomes white. 

Interfering Elements. 
Iron. — The S. Ph. bead in R. F. is yellow hot, brownish- red cold. 

TUNGSTEN, W. 

With Borax. — O. F. Colorless to yellow hot, colorless cold, can 
be flamed opaque-white. 
R. F. Colorless to yellow hot. yellowish-brown cold. 
With S. Ph. — O. F. Clear and colorless. 

R. F. Greenish hot, blue cold. On long blowing or with 
tin on coal, becomes dark green. 
With Dilute HCl. — If insoluble, the substance may first be fused 
with S. Ph. The solution heated with tin becomes dark blue; 
with zinc it becomes purple and then reddish-brown. 

Interfering Elements. 
Iron. — The S. Ph. in R. F. is yellow hot, blood-red cold. 
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URANIUM, U. 

With Borax, — O. F. Yellow hot, colorless cold, can be flamed 
enamel yellow. 

R. F. Bottle-green, can be flamed black but not enamelled. 
With S, Ph. — O. F. Yellow hot, yellowish-green cold. 

R. F. emerald-green. 

Interfering Elements. 
Iron, — With S. Ph. in R. F. is green hot, red cold. 

VANADIUM, V. 

With Borax, — O. F. Colorless or yellow hot, greenish-yellow 
cold. 
R. F. Brownish hot, emerald-green cold. 
With S, /%.— O. F. Dark yellow hot, light yellow cold. 

R. F. Brown hot, emerald-green cold. 
H^SO^ Solutions, — Reduced by Zn become successively yellow, 
green, bluish-green, blue, greenish-blue, bluish-violet and lavender. 

ZINC, Zn. 

On Coal, — O. F. The oxide becomes yellow and luminous. 

R. F. Yellow coat, white when cold, assisted by soda and 
a little borax. 

With Cobalt Solution, — Moisten the coal, in front of the assay, 
with the solution, and blow a strong R. F. upon the assay. The 
coat will be bright yellow-green when cold. 

Interfering Elements. 

Antimony, — Remove by strong O. F.,or by heating with sulphur 
in closed tube. 

Cadmium Lead or Bismuth. — The combined coats will not pre- 
vent the cobalt solution test. 

Tin. — ^The coats heated in an open tube, with charcoal dust by 
the O. F., may yield white sublimate of zinc. 
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A PLAN TO MAINTAIN THE VALUE AND THE 

PURCHASING POWER OF THE SILVER 

DOLLAR EQUAL TO GOLD. 

BY HENRY M. BENEDICT. 

(January, 1889.) 

From The Constitution of the United States. 

We, the people of the United States, do ordain and establish this Con- 
stitution for the Unitea States of America. 

Article i, Section VIII. " The Congress shall have power to 
coin money, to regulate the value thereof and of foreign coin." 



I. 

The amount of silver dollars coined (under the provisions of the 
acts of Congress) is about $310,000,000. 

The treasury of the United States has received a seigniorage 
profit in the coinage of silver of about ^50,000,000. 

This seigniorage is the difference between the amounts paid by 
the treasury for silver bullion purchased, and the stamped value of 
the silver dollars coined from it. 

Congress has made no disposition of this seigniorage profit, but 
it is held unappropriated in the treasury. 

IL 

1. The proposition is that Congress shall establish a " fund " of 
an amount equal to the difference between the stamped value of the 
silver dollars and the bullion value of the silver contained in them. 

2. Place in that" fund" the seigniorage profit of about ^50,000,000 

Note. — The figures and estimates herein are sufficiently accurate to illustrate the 
subjects in connection with which they are used. 
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no^v in the treasury and add to that " fund " all the seigniorage 
profits hereafter received from the coinage of silver. 

3. Provide by suitable legislation to maintain in this " fund'* the 
difference between the bullion value and the stamped value of the 
silver dollars coined ; and pledge the public faith to keep this 
" fund '' intact from encroachment or use for any other purpose 
than to preserve the value of the silver money equal to gold. 

No other appropriation of this seigniorage profit can justly or 
equitably be made. 

It does not belong to the sellers of bullion to. the treasur)^ They 
received the market value for it, to their satisfaction. It does be- 
long to the people of the United States who own the silver dollars, 
and as long as the purchasing power of the silver dollar continues 
equal to gold, they will be satisfied. They will have in the silver 
dollars in their possession and in this " fund " in their treasury the 
full stamped value, equivalent in market value to gold of the entire 
silver dollar coinage. For example : 

The amount of silver dollars coined is, .... ^3io,cx)0,cxx) 
Present value of bullion contained at 93 cents per ounce 
is about (gold value), 223,200,ocx) 

Reserve fund required in silver dollars to make the 

equivalent to gold, 86,800,000 , 

Or, reserve fund required in gold to produce 86,800,000 

silver dollars about, 62,500,000 

If the equivalent between the silver coinage and gold is main- 
tained in the " fund," It is of minor importance whether it be of 
gold coin, gold bullion, silver coin, silver bullion, or portions of 
each. 

An adjustment of the reserve in the " fund " would be sufficient 
each year, based upon the average price of silver bullion during the 
preceding year, to fulfil the purpose of this fund. At first, a large 
proportion of the " fund " would be constituted of gold, as the 
treasury has not a sufficient amount of silver, above the amount of 
silver certificates, to appropriate to it 

III. 

What will be the ultimate benefit or use of this "fund ? " That 
will be determined by the relative value of gold and silver in the 
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future. Meanwhile, without any cost, except the appropriations in 
excess of the seigniorage, and the cost of its safe keeping, it will 
stand as evidence of the ability of the people of the United States 
to maintain in possession the value of their silver money equal to 
gold. 

IV. 

Congress will have, by the adoption of this plan, an opportunity 
to give to the people of the United States a currency of silver and 
silver certificates equal to gold, issued according to present methods 
or improved methods which experience may dictate^— a specie 
currency to take the place of the paper money now existing. 

V. 

The amount of national bank notes is ^^239,000,000. The banks 
have previously retired about ;S! 100,000,000 notes, and silver dollars 
(coin and certificates) have taken their place as currency. As the 
price of United States bonds deposited by the banks, as security 
for their circulation, is so high, and as the bonds are approaching 
maturity, the tendency to withdraw the bonds deposited and pay the 
notes out of the proceeds, will continue. No currency substitute 
has been proposed to take the place of these ^239,000,000 notes, 
and some anxiety is felt lest the business of the country may suffer 
by this reduction of the currency. This " plan " provides a sub- 
stitute. The present coinage of 30,000,000 silver dollars per annum, 
for eight years, will replace the ^239,000,000 paper money with 
silver money, having an intrinsic and " reserve fund '* value equal to 
gold. 

VI. 

The amount of United States notes now existing is 11346,000,000. 
It is time that Congress adopted a plan to withdraw this " fiat " 
money, this war debt, from circulation. The treasury holds 
J5 1 00,000,000 gold as a reserve for its redemption. No better 
use can be made of the " surplus ** than to retire this paper currency. 
There remains beyond the JJ 100,000,000 reserve, ^246,000,000 
United States notes to be paid. The surplus revenue of the 
United States should be appropriated from time to time to pay this 
debt. The purchase of silver bullion with this revenue and its 
coinage into silver dollars at the rate of $30,000,000 per annum for 
eight years and the payment of the United States notes at the rate 
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of $10,000,000 per annum for eight years will cancel this paper 
currency. Thus in sixteen years the entire paper currency in the 
United States can be cancelled, or provided for, without any detri- 
ment to the financial interests of the people of the United States, 
and they will have a currency at a gold value basis, greater per 
capita, than any other nation, and without any paper money. In 
time of panic and war, paper money has always given great trouble 
to the commercial and financial interests of this country. In the 
event of a recurrence of such calamities, if the holders of coin cer- 
tificates lose confidence in the Government and withdraw'coin from 
the treasury, it would be a relief instead of an embarrassment to 
the treasury. 

VII. 

How will this silver money be utilized to pay debts in other 
countries ? The answer is : 

The people of the United States can purchase foreign exchange 
and gold with this silver legal tender money, having intrinsic value 
of 72 cents per dollar and 28 cents per dollar in the reserve " fund " 
as certainly as they can with existing paper money having no 
intrinsic value. No law now compels the payment of paper 
money, by the banks, or the government, in gold. Silver is a legal 
tender for it. No diflficulty has been experienced in buying ex- 
change or gold with silver legal tender money in the past. 

Beyond the usual facilities for obtaining gold from the banks, 
bullion dealers, and the treasury, it will be practicable to have the 
gold in the reserve " fund " made available to exchange for silver 
dollars to meet an emergency. The Government can more easily 
protect silver money with a gold reserve, than it can paper money, 
for which they have now J»ioo,ooo,cxx> gold, set apart in the 
treasury. The presence of a large gold reserve in the *' fund " will 
most certainly preserve the purchasing power of the silver dollar. 

VIII. 

This plan avoids the conflict between the mono-metallists and 
bi-metallists. The effort to combine the principal nations in a 
union to secure free coinage of silver, and maintain a stable ratio 
of 15^ silver to I gold has heretofore failed, and there seems to 
be little prospect of such a union. The ratio in this country is 16 
silver to I gold. The proposed " fund " will maintain a reserve of 
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the difference between that ratio and the price of silver bullion, 
leaving the price of silver bullion to the markets of the world. 
This nation can thus solve the silver problem for itself without any 
entangling alliances with other nations. International money is 
not practicable. Each nation has its own coins and devices. The 
sentiment of nationality attaches to the coin, very much as it does 
to the flag. 

IX. 

If, however, such a union should be made on terms satisfactory 
to this country, and free coinage of silver be restored by the great 
commercial nations, the price of silver bullion will advance to its 
coining value, and the purchasing power of silver coin will be 
equal, in those nations, to gold at the ratio established by the union. 
Then this seigniorage held by the treasury would be all profit, and 
Congress could equitably appropriate it for other purposes. 

X. 

If Congress adopts this plan, other nations may follow and in- 
crease their silver coinage, and maintain a seigniorage reserve 
according to this method. The world's annual production of 
silver bullion is not much over ;g 100,000,000 value. The amount 
used in manufactures, etc., may be ;gi 5,000,000 or ^20,000,000, 
leaving for purposes of coinage some ;g8o,ooo,ooo or $85,000,000 
annually. This will easily be absorbed in a general coinage of 
silver by the nations, and the price of silver bullion will necessarily 
advance to its former proportion to gold. In this way the desired 
result would be attained, by the independent action of the nations. 

These considerations should incite Congress to push forward the 
substitution of silver money for paper money as rapidly as possible, 
while the price of silver bullion is so low. 

It would be unjust to the people of the United States for Congress 
to adopt, as is proposed, the free coinage of silver, and open the 
mints to the world's silver production, thus depriving this nation 
of the profits secured in this plan, and giving to the foreign silver 
producers the difference between the market price of bullion and 
the stamped value of the silver dollar. 

XI. 

Silver coins are used for circulation at home. They are the 
poor man's money, the wages and market money. If the bullion 
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value is made equal to the stamped value, the moment bullion rose 
in price, the silver coins would be held at a premium, and cease to 
circulate. It has happened repeatedly in this country, that silver 
coins advanced to a premium for gold, and many can remember 
the trouble occasioned by its disappearance from circulation. 
Cities issued (fractional) currency to provide a substitute, and 
relieve the embargo on the small trade. To preserve silver coin 
as a tool of trade, the bullion value must be kept far enough below 
its stamped value to avoid a premium. 

Silver and gold coins do not pay debts abroad at their stamped 
value, but are converted into the local money, at their bullion value 
or their exchange value, at the place of payment. 

XII. 

It is hardly possible that under the operation of this plan silver 
bullion would continue to decline. It is a favorable time for the 
Government to take advantage of the low price, and coin silver 
money in sufficient amounts to replace paper money, and accumu- 
late a large reserve fund out of the seigniorage profits. 

XIIL 

It is estimated that there is about ^770,000,000 gold in circula- 
tion and in deposits in the United States. The annual production 
is about $30,000,000. This supply will take care of any possible 
demands of foreign commerce. The only demand of any magni- 
tude for gold comes from the requirements of bankers and mer- 
chants, to pay balances due in foreign countries, when the exports 
of other products are not sufficient to meet the imporUtions of 
foreign merchandise. Occasionally some sudden emergency abroad 
will temporarily withdraw gold from this country, beyond the 
commercial demand, but ordinarily such amounts come back again. 

It is not practicable, however, to provide a sufficient currency 
for the people of the United States out of this supply of gold. 
The currency of all kinds in the United States is now nearly 
12,000,000,000. There must be silver money, and with this plan in 
operation, where is there any danger ? 

France has a currency of $50 per capita. 

The United States, with a population of 60,000,000, at $50 per 
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capita would have $3,000,000,000 currency. Of the currency of 
France, $\^ per capita is silver and §15 per capita is paper. 

Silver money at JI30 per capita in the United States would 
amount to j! i ,800,000,000. 

The demands of the vast internal commerce and population of 
this country will eventually require a larger circulating medium 
than now exists. 

XIV. 

Position of the banks and other financial institutions as to this 
silver currency. 

It is natural that the banks, having a right to iss^e paper money, 
should oppose a plan which substitutes other currency. But the 
banks are receiving less profit from their circulation, and the ten- 
dency is to take the immediate profit in the price of the United 
States bonds deposited for their notes and cancel them. With the 
maturity of the bonds, in 1907, their power to issue will end, unless 
new legislation is obtained. Such currency has been a very ex- 
pensive one to the people of the United States. It is now evident 
that the Government, instead of authorizing the issue of national 
bank notes, could have issued United States notes as currency, and 
bought the bonds, such as the banks deposited as security for 
their notes, thus saving the interest on the bonds. The national 
banks have received as interest on those bonds over $250,000,000 
during the past twenty- five years. The people of the United 
States have carried the national bank notes as currency, and paid 
by taxation $250,000,000 for the interest on the bonds deposited 
by the banks. They could have carried an equal amount of United 
States notes, and saved that interest. As the treasury is buying 
these bond^ at a large advance on the cost, what the banks have 
received in interest and in premiums ought to satisfy them, and 
make them willing to retire from the paper money business. 

Silver money fortified by the proposed " fund " will make the 
best reserve possible for moneyed institutions. They cannot have 
all gold for their reserves. Silver legal tender coin is the best re- 
serve for banks to pay debts with, in panics. Depositors would 
have time for reflection in demanding, carrying away and taking 
care of large amounts of silver, and a sober second thought would 
quiet their fears about solvent banks, and end the run. It is of 
course safer than any other reserve from the attacks of thieves. 
They cannot get off with it as easily. 
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It is not desirable that so large a proportion of the silver coin 
should accumulate in the treasury. The payments of the debts of 
the United States, and the expenditure of the surplus in one way 
or another will, however, scatter this accumulation. Moneyed in- 
stitutions should co-operate with the Government in providing for 
the safe keeping of the silver coinage, and be prepared to receive 
from depositors this money as it takes the place of paper money 
in the channels of trade. The people of the United States will 
find a way, at all events, to get the necessary accommodations. If 
existing institutions will not grant the facilities, others will be 
organized and take the business of depositors. 

XV. 

The adoption of this " plan ** will stop the clamor about dis- 
honest dollars, silver or paper. The people of the United States 
*' establish justice" by their Constitution. They seek to elect 
statesmen with clear vision to discern the right, and with integrity 
and capacity to fill the offices provided in the Constitution — legis- 
lative, executive, judicial. "Justice" shall prevail in the land. 
The money established by the Constitution is the best that the 
wisdom of man has devised. Silver and gold have been the pre- 
cious metals through all recorded time. The ** instincts of hu- 
manity " have given the value to those metals for money purposes. 
Statesmen must recognize and be influenced by these human forces, 
whose currents sweep through the centuries, if they would build 
up a nation wisely and well. 

The time is propitious to project this plan. A new congress and 
a new executive will soon administer the powers of the Govern- 
ment. The people of the United States want the money which 
their Constitution provides. Congress should rise above party or 
sectional differences and perfect a money system which is now par- 
tially in operation, and which will result in giving to the people the 
best currency in the world. 

The people of the United States are supplying ^[30,000,000 gold 
and $50,000,000 silver per annum from their own mines, which is 
sufficient to displace, in a few years, all paper money, and provide 
for the ordinary balances of foreign trade. It may be truly said 
that the mining industry, in the value of its products and in its use 
of transportation, machinery, agricultural and other supplies, does 
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more to develop the wealth and trade of the *nation than any other 
industry except that of agriculture. Other products are used up 
or perish. The precious metals are comparatively indestructible, 
and will constitute in time a large portion of the permanent visible 
wealth of the nation. 

XVI. 

Money is said to be the sinews of war. Statesmen know that a 
bountiful reserve of gold and silver coin in the possession of the 
people is a bulwark of strength in time of war. With it men and 
material can be gathered into armies with great rapidity. At such 
a time the " sinews *' of paper money are very weak. What better 
preparation for war can be made than to provide and maintain 
throughout the nation an abundant currency, solely of the precious 
metals ? 

XVII. 

From whatever point this plan is viewed, it is a complete and 
comprehensive solution of the money question. It is not in the 
power of the opponents of silver coinage to point out a better and 
safer currency as a substitute. The inconvenience of a metallic 
currency cannot be avoided, except as it is relieved by the use of 
coin certificates of deposit. But there is no ground to fear any 
financial disaster from an unlimited coinage on this plan. 

Neither the treasury of the United States, nor any institution nor 
person in the country, has yet been bankrupted or injured by having 
too much silver legal tender money. The theory that an increase 
of silver coinage will drive out gold is not sustained by any facts. 

The people of the United States are quite able to obtain, from 
year to year, what precious metals they require, both gold and 
silver, for currency purposes at home and to pay foreign balances 
of trade. , 
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TOTAL SOLAR ECLIPSE OF DECEMBER 22, 1889. 

BY J. K. REES. 

Total solar eclipses, taking into consideration the whole earth, 
are not very rare, about ten in eighteen years. However, the width 
of the path of totality being on the average less than one hundred 
miles, any one total solar eclipse can be seen over a very small 
portion of the earth's surface — about t^\^. Hence it is calculated 
that a given place will be favored with a total solar eclipse only 
once in every 360 years. 

If scientific observations are to be made on such eclipses the 
astronomers must, to save time, follow the total eel ipse- tracks about 
the earth. In the United States during the present century there 
have been visible the following total eclipses : 

June 16, 1806, visible in New York and New England ; duration 
of totality 43^ minutes. 

November 30, 1834, visible in Arkansas, Missouri, Alabama and 
Georgia ; duration of totality 2 minutes. 

July 18, i860, visible in Washington Territory and Labrador; 
duration of totality 3 minutes. 

August 7, 1869, visible in Iowa, Illinois, Kentucky, and North 
Carolina; duration of totality 2^ minutes. 

July 29, 1878, visible in Wyoming, Colorado, and Texas; dura- 
tion of totality 2^ minutes. 

January 11, 1880, visible in California; duration of totality 32 
seconds. 

January i, 1889, visible in California and Montana ; duration of 
totality 2j^ minutes. 

The next total eclipse will be seen in the United States on May 
27, 1900, and be visible from Louisiana to Virginia, and have a 
duration of totality of 2 minutes. Moreover, taking a wider survey, 
the tables of eclipses show us that after December, 1889, it will not 
be until April, 1893, that another total eclipse will occur where it 
can be observed. Then, again, observers will be compelled to go 
to South America and Africa. 

It is evident that every effort should be made to observe well the 
eclipse coming in December, 1889. During the year 1889 there 
occur five echpses, three of the sun and two of the moon. Of the 
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solar eclipses the first was total and visible in the western part of 
the United States on January ist. Many important observations 
and photographs were obtained, and described at length in the 
dkily papers. The second solar eclipse was annular, occurring 
June 27th, the path of which began in the South Atlantic Ocean, 
about a thousand miles south of the Island of St. Helena and the 
same distance west of the Cape of Good Hope. The path passed 
northeasterly to a point a hundred miles north of Madagascar, 
thence southeasterly, leaving the earth about one thousand miles 
west of Australia. Observations were made in Africa by astrono- 
mers from Cape Town, Drs.Gill and Auwers, who obtained with the 
heliometer two hundred measures of cusps and of lines at right 
angles to line of cusps. 

The eclipse of December 22d, unfortunately, is visible in its 
totality phase only along the northeast coast of South America, 
in the middle Atlantic Ocean and in Africa. The illustration from 
the American Ephemeris gives a clear idea of the path of totality 
and suggests points best suited for observations. Four places have 
been selected by astronomers for their observations. 

1st. The southern end of the Island of Trinidad, at Point Icacos. 
Here totality begins at 7.06 a.m. and lasts i m. 46 s., the sun 
being at an altitude of only 12°. 

The second station is at Cayenne, in French Guiana, where 
totality begins at 7.51 a.m. and lasts 2 m. and 3 s., with the sun 
24° high. 

The path then crosses the Atlantic without passing over any 
islands. 

The third place available for an observing station is where the 
path strikes the West African coast. Here the totality phase 
begins at 2.56 p.m. and lasts 3 m. 12 s., the sun being 46° high. 

A fourth point has been selected away from the coast up the 
Quanza River. Parties sent out by the Royal Astronomical 
Society, of England, will probably occupy stations at the three 
first-named places. Harvard College may send a party to South 
America. The Lick Observatory, through the generosity of Hon. 
Charles F. Crocker, will send a party to Cayenne. The United 
States Government has sent a party to Africa, under the charge of 
Prof. D. P. Todd. The Observatory of Columbia College is repre- 
sented on this party by L. H. Jacoby. All the expeditions will 
pay great attention to the corona. Photographs will be made so 
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as to show the details and the extension of the crown of glory sur- 
rounding the totally eclipsed sun. 

Prof. Todd expects to take his party up the Quanza River some 
fifty miles from its mouth and mount his instruments on the site of 
an old Portuguese fort. He may send a party, under Mr. Jacoby, 
further into the interior, so as to avail himself of all chances. An 
attempt will be made by this American party to photograph the 
corona by polarized light. This has not been done before, and if 
successful will give valuable information, no doubt, about the details 
of the corona. 

The region into which this expedition penetrates is considered 
very dangerous to health. Every precaution will be taken, and it 
ts to be hoped that no loss of life will occur among these enthu- 
siastic and devoted scientists. The chances for cloudy weather on 
the African coast are great — said to be one-half. Understanding 
this, Prof Todd has taken with him a number of scientific men 
interested in branches other than astronomy, who will be able to 
bring back important results. Cleveland Abbe represents the 
United States Signal Service, and will make a special investigation 
of ocean air currents. He carries with him on ship some 2000 
small balloons, or rather the rubber skins and the apparatus for 
making hydrogen gas and filling the skins so as to make balloons 
about twelve inches in diameter. These are to be varnished and 
properly tagged and then allowed to escape from the ship every 
two hours ; they drag 1 50 feet of thread. The air current will carry 
them away, and after awhile those that do not collapse may be 
caught in some ship's rigging, captured and sent to Washington, 
with tag and date as to when and where found. It is hoped that 
material will be obtained to give new information of value about 
ocean air currents. 

The Coast Survey office sends Mr. Preston, an experienced 
observer, who will swing a pendulum at various points for the 
purpose of determining the value of gravity acceleration. Natur- 
alists and botanists accompany the expedition. Prof Agassiz may 
join the expedition and dredge for deep-sea life near the coast. 

Should cloudy weather make temporarily useless all the labor 
and pains spent on the eclipse apparatus, there will be still some 
important scientific results forthcoming. 
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Analytical Chemistry, by E. Waller. 

Storage BatUry for Electro- Deposition in Analysis, Ferguson {^Eng and 
At in. Jour. J xlviii., 157). 

An arrangement which has been used with gratifying success is 
described. A single cell of a storage battery (Gibson) is charged by 
connection with an electric light dynamo, a number of lamps being 
interposed in the circuit as resistances. When fully charged the cell is 
in condition to deposit about 8 gms. of copper. The annoyances inci- 
dent to the care and management of the ordinary gravity or other bat- 
teries usually used for this purpose are thus avoided. 

Sodium Hypophosphite as a Reducing Agent. Reinhardt {Stahl und Eisen, 
ix., 404). 

This substance is recommended as superior to sulphites, etc., in iron 
and steel work. It is not decomposed by H^, which in some cases is 
a great advantage. The solution recommended is 200 gms. in 400 c.c. 
As an example, the use of this reagent is advised in reducing iron pre- 
liminary to the separation of copper in solution of cast-iron ; also in 
the determination of chromium. In the latter case the solution is treated 
with the hypophosphite to reduce iron and manganese, and zinc oxide 
is added, which precipitates the chromium. Re-solution in acid and 
re-precipitation frees the chromium from everything but zinc. Re-solu- 
tion and re-precipitation twice with ammonia, gives the pure chromium 
hydrate. 

Determination of Potassium. Woussen {J. Lond, C. 5., liv., 89) 

recommends dissolving the precipitate in hot water, and adding it 
gradually to a boiling solution of sodium formate, 2 to 25 gms. in 10 
c.c. water. After boiling for fifteen or twenty minutes, 8 c.c. of HCl 
is added, and the boiling continued. The metallic platinum collects in 
a sponge, which is readily filtered and weighed. 

Separating Manganese from Lime. Blum {Fres. Zeits. Anal. Chem.y 
xxviii., 454). 

If ammonium sulphide is used, and the solution is allowed to stand 
some time, when much lime is present, a crystalline calcium hyposulphite 
will separate, along with the MnS. If, however, the re-agent is added, 
the solution boiled up, more ammonium sulphide added, and filtration 
at once performed, no such change occurs. 

Precipitation of Magnesia. Blum {Fres. Zeits, Anal, Chem., xxviii., 

452) 
finds that sodium ammonium phosphate gives a precipitate more quickly 
than sodium phosphate, but the former gives a precipitate which is so 
fine that it may pass through the pores of the filter paper and escape 
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estimation, so that for determining small amounts of magnesia he con- 
siders the sodium phosphate as the better re-agent. 

Chromium in Chromite, Reinhardt {Chem, Zfg., xiii., 430). 

Fuse two hours with KHSO^. NaHSO^ does not completely decom- 
pose it. Good when complete analysis required. For Cr alone fuse 
with KCIO3 and soda lime. Separate SiO„ add MnSO^, then excess of 
FeSO^ of known strength, and titrate back with K^MnOg. Yellow 
coloration prevented by adding phosphoric acid. Mn in the ore inter- 
feres, as it affords permanganates. 

Nickel Sulphide. Lecrenier (^Chem, Ztg., xiii., 431). 

Colorless ammonium sulphide must be used. If yellow, add i vol- 
ume of the re-agent to 2 volumes of 10 per cent, solution of Na^SO,, 
and heat on water bath till colorless. Complete precipitation only is 
effected when the solution contains o.i gm. Ni, or less in 200 c.c. If 
the solution is very dilute, a little ammonium chloride, acetate or car- 
bonate causes complete precipitation. Ammonia may partially prevent 
precipitation. It should be boiled out, and CO,, passed in before adding 
the ammonium sulphide. 

Volumetric for Nickel, T. Moore {Chem, News, lix., 292). 

As modifications of the method previously described by this author, 
it is recommended to add to the slightly acid solution, sodium pyrophos- 
phate until the precipitate which first forms is re-dissolved, then to 
slightly acidify with HCl, render distinctly alkaline with ammonia, and 
then titrate with KCy, as before described. This obviates the necessity 
for removing iron or manganese. A solution of cupric ferro-cyanide in 
ammonium oxalate may with advantage be used as indicator, instead of 
the precipitate suspended in water, as at first described. 

Reactions of Cobalt and Nickel, Carnot (C Rend.y cix., 109 and 147). 

The different reactions of cobaltic, cobaltous and nickelous salts in 
solutions containing ammoniacal salts are given : 



Solution, etc, 

"Cobaltic, acidified 1 
with acetic acid, ) 
Cooled after ignition 

Cobaltous salts, 
Nickelous salts. 



Precipitates Produced by Ammonium, — 
Molybdate. Tungstate. Vanadate. 

rose colored. 



( peach blossom or 
\ rose colored, 
lilac. 

f none unless 
( concentrated. 



{orange yel- 
low, 
gray-blue. (black, fused.) 
[ yellow to 
none except orange, 
in alkaline i slow in Na. 
(NH3) solu. quick in 

t NH, solu. 

The cobaltic precipitates have the composition (old system) CojO, 
5NH3 7M0O,. 3HO, CojO,. 5NHs 10WO3. 9HO and CogO, 5NH, 
sVOj. 9HO. By ignition they lose water and ammonia, and the cobalt 
assumes the cobaltous form, e.g., the molybdate precipitate becomes 
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2C0O.7M0OJ,. The last named is less stable than the other two on 
strong ignition. The cobaltous and nickelous vanadates become black 
on ignition, affording respectively CoO^VOg and Ni0.2V05. 

To separate cobalt from nickel, the author proposes to add to a solu- 
tion containing both metals, ammonium chloride and an excess of am- 
monia, then to introduce hydrogen peroxide and boil gently ; finally, 
after rendering acid with acetic acid, to add ammonium molybdate. The 
precipitate is washed with water containing a little ammonium chloride, 
dried and ignited gently, after separation from the filter paper, which 
is easily effected. 

If it is necessary to purify the precipitate from foreign salts, it may 
be advisable to dissolve it while still moist in ammonia, and re-precipi- 
tate with acetic acid and a little ammonium molybdate. In the filtrate 
the Ni can be precipitated by KOH, re-dissolved and re-precipitated by 
KOH and Br. 

Separation of Zinc, Nickel, Iron, and Manganese. Carnot (C Rend,, cii., 
678). 

Neutralize with ammonia, acidify slightly with oxalic acid, and pass 
H,S in a rapid stream. ZnS alone separates. Neutralize the filtrate with 
ammonia and an excess of ammonium or sodium acetate, acidify with 
acetic acid and pass HgS for some time, and let stand corked up to allow 
the NiS and FeS to subside. In the filtrate, ammonia and ammonium 
sulphide will precipitate the Mn. 

Volumetric for Zinc, Voigt {Zeits.f Angew. Chem,, No. 11, 1889). 

Dissolve a convenient quantity of the ore in HCl, oxidize with a 
little HNOg, and dilute from 100 to 150 c.c. Add 5 to 10 gms. potas- 
sium tartrate, according to the amount of iron present, render alkaline 
with ammonia, and dilute to 250 c.c. Run in a solution of ferrocyanide 
(46 gms. per litre) until a drop of the liquid gives a permanent blue with 
glacial acetic acid. The solution is standardized by a zinc solution of 
known strength, containing ferric chloride, potassium tartrate, and excess 
of ammonia, as in the analysis. Manganese, if present in considerable 
quantity, will interfere ; small amounts of lead do not. 

Copper Separation as Sulphocyanate, Johnson {J, S. C /., viii., 603). 

Dissolve about 5 gms. of the ore in acid, and evaporate off the ex- 
cess. Dilute to about 200 c.c, and, without filtering, add 5 c.c. of a 
10 per cent, solution of ammonium sulphocyanate (at least three times 
the weight of sulphocyanate as there is copper). Then add SnClg until 
the solution is decolorized, and filter through a close textured paper. 
Wash once with i per cent. HCl. Then put the filter paper contain- 
ing precipitate and gangue into the dissolving flask, pour on 50 c.c. of 
a mixture of nitric hydrochloric and water (i : 1:4), boil gently for 
fifteen minutes when all red fumes should have disappeared ; add am- 
monia, and titrate with potassium cyanide. The cyanide should be 
standardized with a known amount of pure copper in a solution which 
has been treated in the same manner as above. 

If desired, the solution can be filtered from the paper pulp and elec- 
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trolyzed, the small amount of copper adhering to the paper being washed 
out and estimated separately by ammonia colorimetrically. The disturb- 
ing effects of bismuth, arsenic, or antimony are thus avoided. 

The cuprous sulphocyanate may also be more thoroughly washed, first 
with dilute hydrochloric acid, then with water, and then paper, precipi- 
tate and gangue may be treated with acidified ferric sulphate solution 
(50 c.c. of a solution containing about 100 gms. ferric sulphate and 50 
c.c. H^SO^ per litre). The sulphocyanate dissolves, and the amount of 
copper present may be determined by titration with permanganate. 
The color of the solution passes from red through brown to blue, finally 
giving the well-known ordinary end-reaction (pink tinge of permangan- 
ate). The first pink coloration is taken as the finishing point, since 
the paper pulp slowly reacts upon the permanganate. If much copper 
is present, the permanganate at first gives a sonntewhat persistent brown 
or olive-green, with evolution of HCy. Simmering gently for ^^4^ or 
ten minutes, and then diluting with 200 to 300 c.c. of cold water, will 
permit of finishing as usual. 

Cyanide Process for Copper, Ellis (y. 5. (7. /., viii,, (i%6), 

A series of experiments are reported showing that when zinc is 
present in the proportion of 4 to 5 per -cent, of the copper, it has no 
practical effect on the correctness of the test. Exposure to air and light 
seemed to have no effect on the '* copper value" of the blue solution 
(ammoniacal). The cyanide should be standardized af least once a 
week. If much iron is present, dissolving the ore in acid, adding am- 
monia, filtering and titrating, gives low results, probably because the 
precipitate retains copper. 

Separation of Copper and Antimony, Finkener (Ads./. S, C. /., viii., 
733)- 
The antimony should be in the pentad form; potassium or sodium 
fluoride is added in the proportion of about i gm. to every 0.275 S"^- ^^ 
antimony present, the whole bulk of the solution being about 200 c.c. 
Potassium iodide and sulphurous acid are then added, the mixture gently 
healed, then filtered, and the precipitate of cuprous iodide washed with 
boihng water acidified with sulphuric acid. A little copper remains in 
the solution, which is separated by oxidizing with bromine water, pre- 
cipitating with HjS, dissolving in HCl and KCIO3, adding ammonium 
tartrate and ammonia, and then H^S, little by little, until there is no 
further precipitation of CuS. The antimony may be separated from the 
filtrate by acidifying and passing HjS. 

Separation of Cadmium and Zinc, Carnot (C Rend., cii., 622). 

Cd forms a soluble compound in presence of NH^Cl and free 
oxalic acid, while the ZnC^O^ is insoluble. The solution is neutralized 
with ammonia, an excess 01 NH^Cl added, and then 2 gms. oxalic acid. 
After boiling for a few minutes, the zinc separates in a crystalline form, 
which is washed with a hot solution of NH^Cl. If only small amounts 
of zinc are present, they may fail to precipitate. In the filtrate the Cd 
is precipitated with Na^SjO,, and the precipitate treated with hot 
dilute HjSO^. Some ZnS may remain behind, which is united with that 
previously obtained. 
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Electrolytic Sfparation of Cadmium from Zinc. Smith and Frankel 
^Am, Chem. /., xi , 352). 

In KCy solution Cd separates more readily than Zn, and with 
a weaker current. The latter only begins to deposit after the excess of 
KCy has been decomposed, e.g.^ from 200 c.c. of solution containing 
4.5 gms. KCy, 0.2426 gm. of Cd, and 0.2 gm. of Zn. The Cd was 
separated in eighteen to twenty-three hours by a current capable of afford- 
ii^g 0-3 c.c. of mixed O + H per minute. 

Bismuth Reaction, Leger {^BulL Soc. Chim,y 1., 91). 

The reagent is made by dissolving 2 gms. KI and i gm. cinchonine 
in 100 c.c. water. It gives an orange-yellow precipitate with minute 
quantities. A saturated solution of cinchonine hydriode can also be used. 
Bi may thus be detected in presence of Pb, Cu, Hg, Ag,Su, as Sb. Use 
the reagent in excess, avoid excess of HNOjandthe presence of HCl or 
HjSO^. The precipitate is soluble in alcohol, decomposed by alkalies, and 
decolorized by AgNO,. 

Volumetric for Stannous Compounds, Jolles {Chem, Zeit.^ xii., 597). 

A standard solution of alkaline potassium, manganate solution is 
run into the solution of the tin salt, with shaking until the green color 
is replaced by a yellowish brown, from formation of K.^Mn03 (which, after 
a time, decomposes and deposits Mn02). To standardize, the author 
used tartar emetic. 

Mercury Determination, Feit {Fres. Zts. Anal. Chem., xxviii., 318). 

On adding to mercury solutions an excess of NaHO, and then alka- 
line solution of arsenite, and boiling, the mercury is reduced to the 
metallic form. Either mercurous or mercuric compounds may be tested 
by this means. If both are present, conversion to the mercuric form by 
boiling with HNO3 is necess>ary. Process : Add an excess of soda lye, 
preferably an amount approximately known, run in excess of the arsenite 
solution, boil for five to ten minutes, cool, filter, and take an aliquot 
portion for titrating back with I. 

Volumetric Determination of HgCl^. Kassner {Arch. Pharm. [3], ii., 
60). 
In cloths used for rubbing a patient (pansements). Digest cold in 
500 c.c. HjO, then add 500 c.c. of solution of 0.4 gm. tartar emetic, 
and I to 2 gms. Na^HPO^, or NaC^HgO,, get a white precipitate, filter, 
add a little NaHCO,, and titrate with tenth normal iodine for amount of 
SbjOj formed. The reaction 

4HgCl, + SbA + 2H2O = 4HCI + SbA + 4HgCl 
only takes place in presence of P^Oj, or organic salts. 

Volumetric by KI for Silver^ Mercury or Thallium. Carnot (C Rend., 
cix.,177). 

The method depends on the insolubility of the iodides in HNO, 
solution, provided no alkaline iodide is present. Dissolve the material 
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in about lo c.c. of nitric acid, dilute to loo or 150 c.c, add a little 
starch, and run in decinormal KI solution (16.61 gms. per litre). Blue 
starch iodide shows its color as soon as the metal has been completely 
combined as iodide. 

Thallium Determination, Feit {Fres, Zts, Anal, Chem., xxviii., 314)- 

The Tl should be present as, or brought to the form of, T)2(SO^\. 
To insure this add sulphuric acid, then a little Br. to oxidize it up, and 
boil out the Br. Then add in the cold an excess of KI, over-neutralize 
with NaHCOg. add a measured excess of standard arsenious acid solution, 
and, when the precipitate has become yellow, filter and titrate back with 
standard I solution. The reaction with KI is: 

Tl2(SO,)3 + 6KI = 2TII. + 3K2SO, + 4I. 

Metals which react with HjAsOj should be absent. 

Silicon and Iron in Cryolite, Fresenius and Hinz {Fres, Zts,, xxviii., 
324). 
On treating the pulverized mineral in a lead tube with lead connec- 
tions with concentrated sulphuric acid, it was found that a considerable 
proportion of the silica failed to volatilize as the silicon fluoride. For 
the details of management we refer to the original paper. For iron 
after decomposing with HsSO^, the insoluble residue is fused with 
Na2C03, the next treated with HCl and evaporated to separate SiO^, 
the HCl and H.^SO^ solutions united, oxidized with chlorine, and then 
poured into hot concentiated KHO, and the iron separated by addition 
of tartaric acid, followed by ammonia and ammonium sulphide. 

Silica and Sand. Blount {Chem, Niws^ lix., 277) 

notes that if silica has been thoroughly dehydrated by ignition, it will no 
longer dissolve readily in NajCO,. 

Water in Silicates as Tourmaline , Mica, etc, Jaunasch {Ber,, xxii., 

221). 

PbCrO^ will expel water (and CO,) without setting free other vol- 
atile acids (HFl, etc.). Load a tube as for organic combustion with 
absolutely dry materials, i cm. spiral of copper, 10 cm. granulated 
PbCrO^, 1.5 cm. fine PbCrO^, 7 cm. fine chromate mixed with the sub- 
stance, also in powder, 5 cm. fine PbCrO^, 18 cm. granulated PbCrO^, i 
to 2 cm. copper spiral, leaving a small space next to the cork. Heat in 
a short furnace, passing a gentle current of air deprived of moisture and 
CO,. Make the heat as high as possible, keep it up for fifteen to thirty 
minutes, increasing the rapidity of the current of air toward the end. 
Catch the water and CO,, one or both, in absorption tubes as usual. 

Influence of Silicon on the Determination of Phosphorus in Iron, Drown 
{JTranB, Min. Eng.^, 

Low results on phosphorus, usually attributed to incomplete destruc- 
tion of carbon compounds by oxidation, are possibly due to incomplete 
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oxidation of the phosphorus to phosphoric acid. If a silico-molybdate 
exists (which is open to doubt), it would seem from the experiments 
made that Kleins' assertion that it is soluble in a 3 per cent, nitric acid 
is probably correct. The process recommended is: Treat about 1.5 
gms. of the iron in a covered beaker with 60 c.c. HNOgCgr. 1.135). 
Heat until the action is over (about three minutes). Filter from the 
graphite into a 500 c.c. flask, boil, add 15 c.c. of permanganate (5 gms. 
per litre). Boil until the pink color dii^appears, add about o.i gm. tar- 
taric acid to dissolve the MnO, formed, then 10 c.c. strong ammonia 
(gr. 0.90) to partially neutralize the free acid. Cool to 90° C, add So 
c.c. molybdate solution, cover the flask with a cloth, shake five minutes 
and continue as described by Emmerton {Trans, Mm. Eng,, xv., 92). 
The results quoted are satisfactory. 

Superphosphates, Hughes {Chemi NewSj Ix., 91) 

finds that the reduced phosphate is not per se soluble in water, but 
is soluble in a concentrated solution of superphosphate. A partial 
remedy is effected by using a limited quantity of water for extraction, 
and not allowing it to stand on the fertilizer too long. 

Molybdate test for Bypophosphties, Millard {Pharm.J. Trans, [3], xix., 

585). 

The addition of a small amount of sulphurous acid to the mixture 
of the molybdate reagent with the substance suspected to contain hypo- 
phosphites gives at once a blue coloration if any are present. Phos- 
phates, pyrophosphates or phosphites do not give this reaction. 

Sulphur Oxidation by the Electric Current. E. F. Smith {Chem. News^ 
lix., 293). 

KHO was fused in a nickel crucible, and some of the powdered 
mineral was placed on the surface of the melt. The crucible was then 
brought into the. circuit of a battery, a platinum wire connecting with 
the negative pole being immersed in the alkali. With chalcopyrite and 
some other substances all of the suli)hur was thus readily oxidized. With 
some other substances only imperfect results were obtained. 

Sulphur in Coal, Bailey (^J, S. C, /, viii., 360). 

A comparison of the various methods for determining the sulphur 
is reported, the conclusions being in favor of Eschka's method (inciner- 
ating with MgO and a little Na^COg, heating the water solution with 
bromine water, and precipitating with BaCl^). Error is invariably in- 
troduced when attempts are made to precipitate BaSO^ in presence of 
large amounts of alkaline salts. 

Grace Calvert suggested the extraction of sulphur existing as sulphates 
by digestion with Na,COg solution, and then determining that present 
as sulphides by oxidizing with aqua regia, etc. The author substituted 
Eschka's method for the aqua regia treatment, and from the results, 
combined with an examination of the ash and clinkers, and of the fur- 
nace gases, concludes that sulphates in a coal do not contribute SO,, to 
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the furnace gases. About 40 per cent, of the total sulphur, however, 
was unaccounted for in these experiments. The amount of sulphur ex- 
pelled in coking was very different for different coals. 

Sulphuric Acid in Presence of Iron, Jannasch and Richards {Jour,pr, 
Chcm. [2], xxxix., 321). 

BaSO^ precipitated in presence of iron always gives low results, 
while the precipitate contains iron. The amount of iron is least when 
it is present in the ferrous condition. Ferric chloride only dissolves 
BaSO^ when hot, depositing it on cooling. The precipitate appears to 
contain a double barium ferric sulphate, which loses a portion of its SO, 
(detected in the fumes) on ignition. It is pronounced impracticable to 
determine sulphur accurately in presence of iron. 

Chlorine Titration by Silver Nitrate, Hazen {Am. Chem. Jour.^ xi., 
409). 

The author has studied the causes for obtaining results a little too 
high, in consequence of the amount of silver salt necessary to %vi^ a 
perceptible red tinge of silver chromate. 

The amount of potassium chromate present has an effect; larger pro- 
portions than are usually recommended give closer results. The author 
uses 0.06 gm. in solutions of ic c.c. or less, up to ^00 or 250 c.c. 

The greater the volume of the liquid the higher the results. The 
more AgCl that forms the higher the results, especially if the chloride 
collects in clots. 

If natural waters need to be concentrated before titration, a little 
sodium carbonate should be added before concentrating, or some 
chlorine may be lost. 

If organic matter colors the solution, it may be removed by adding 
alumina hydrate and filtering. The residues from natural waters evapo- 
rated with sodium carbonate may be ignited in a radiator (Drown's 
method, vide Quarterly, x., p. 283) without loss of CI. 

Free Chlorine in Hydrochloric Acid, Kupferschlaeger {Bull, Soc. Chem, 
[3], ii., 134). 

Agitate the acid with clean copper filings in the cold. If CI is present 
some copper dissolves, which may be recognized by appropriate tests. 
If the acid is free from chlorine, no solution of the copper takes place. 
Agitation with phosphorus, and afterward testing for phosphoric acid 
with the molybdate reagent, can also be used as a test. 

Determining Carbon in Irons, Blum {Fr<fs. Zeits, Anal. Chem.j xxviii., 
450)- 
De Koninck has suggested that chlorides, if not washed out of the 
carbon, can be rendered harmless by the addition of a little silver sul- 
phate, in the Ullgren method. The author describes experiments which 
show that silver chloride is dissolved and decomposed by strong sulphuric 
acid. 
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Dt termini fjg Nitric Acid, Bailhache {Bull. Soc, Chim. [3], ii., 9). 

The use of FeSO^ has the advantages of avoiding loss of iron salt 
by partial overheating. More rapidity since the temperature of ebulli- 
tion is higher. Avoidance of HCl fumes. 

The apparatus consists of a flask marked on the neck for 250 c.c, 
provided with a rubj^er cork carrying an escape tube and a tube, with 
stop-cock and bulb above, of 30 to 40 c.c. capacity. The latter tube 
reaches to the bottom of the flask. The solutions used are : 

1. 100 gms. crystallized FeSO^ with 75 c.c. HgSO^ (cone.) per litre. 

2. 1 7- 85 gms. KjCr^O, per litre. 

3. 50 gms. NaNO, (pure and dry) per litre. 

4. Cold saturated solution of NaHCO,. 

5. Dilute solution of K^FejCy,, 0.2 per cent. Best prepared imme- 
diately before use. 

Place in the flask 50 c.c. of No. i and 25 c.c. (cone.) H^SO^, rinse 
down the sides of the flask, agitate, introduce the cork, and boil on a 
sand-bath. Put 25 c.c. of No. 4 in the bulb, and run it into the solu- 
tion drop by drop. By the time it is nearly all in, the liquid should be 
boiling. Then run in, in the same way, 10 c.c. of a solution containing 
5 gms. of the sample in 100 c.c. of water, taking especial care that the 
boiling and disengagement of NO is steady, and neither too fast or too 
slow. When nearly run out, put 25 c.c. more of No. 4 into the bulb, and 
run it in slowly (z/?^r the brown color has disappeared from the liquid. 
Shut the stop-cock before the last portions of the liquid have run through. 
Rinse the cork and tubes with boiling distilled water, cork up and allow to 
cool, fill up to the mark, and titrate 200 c.c. by the aid of Nos. 2 and 5 in 
the usual manner. No. 3 serves for standardizing. 

Nitrates in Rain-water, Warington (J, L. Chem. Soc.^ 1889, 537). 

The zinc-copper couple method was found to be preferable to 
Schloesing's. It was, however, found to conduce to accuracy to distil 250 
c.c. from one litre in a retort after adding MgO, to make up the residue 
to 800 c.c; add strip of zinc foil converted into a couple, and allow to 
stand at 21° to 24° C. for three days before testing for the resulting am- 
monia. 0.162 parts per million was found to b^ the mean by this 
method. Sehlcesing's method on the same samples gave a mean of 0.125 
per million. Details are given for the preparation of the couple and the 
mode of determining CI and SO,. 

Nitrates in Waters, etc, E. Breal {Chem. News., lix., 278). 

By partially immersing strips of filter paper in the water to be 
tested, in the process of evaporation the nitrates will be found, after a 
time, to have accumulated at the upper extremity of the paper, as they 
have a tendency toward the place where the evaporation is most rapid. 

Error in Determining Nitrates in Soil, Giunti {Staz, Speriment, 
Agrar, Ital, xv., 5-15). 

With some soils the longer the water for extraction is in contact 
with the soil the lower the nitrates. This is due to the denitrifying 
organisms, which can be rendered inert by the use of about i per cent, 
of chloroform (reckoned on the amount of soil). 
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Kjeld.ihl Methoi in presence of Nitrates, Martinotti {Fres. Zeits, 
Anal. Chem.j xxviii., 415) 

has examined Jodblauer's modification of the process — preliminary 
treatment with phenol-sulphuric acid, followed by zinc dust, and a 
little PtCl^, and concludes that the method is superior to the Will 
Varentrapp method when nitrates are not present, but is useless when 
nitrates are present. It can then only be used after expulsion of the 
nitrates by heating with hydrochloric acid and ferrous chloride. Foers- 
ter {ibid,, p. 422) finds that the nitrogen of nitrates can be determined 
by using about 30 c.c. of a solution of phenol-sulphuric acid (containing 
5 to 6 per cent, phenol) to every gramme of nitrate present, then add- 
ing I to 2 gms. hyposulphite of soda, and then the sulphuric acid and 
0.4 to 0.5 gms. metallic mercury. Either larger or smaller proportions 
of phenol than the above seemed to give low results. On distillation the 
ammonia is caught in absorption bulbs. As indicator the author uses 
lakmoid to which a little "malachite green " (coal tar color) has been 
added. 

Dissolved Oxygen in Water. Roscoe and Lunt {J. Lond. Chem, Soc, 
1889, 552). 

In making the determination, it was found that the oxygen was 
rapidly lost by diffusion, so that special precautions were necessary to ob- 
tain fairly accurate results. 

Testing Glass. Mylius {Ber., xxii., 310). 

Glass is frequently attacked by litmus, phenol phtaleine and similar 
coloring matters. As a reagent for the alkali resulting from the decom- 
position of the glass, the author proposes to use mixed solutions of 
iodine and starch, to which a trace of silver nitrate has been added. The 
solution has only the iodine color until a trace of alkali reacts with the 
iodine to form iodide, when a blue at once appears. To detect the por- 
tion of the glass acted upon, it is recommended to use an etheral solu- 
tion of eosin or iodeosine o.i gm. in 100 c.c. of (wet) ether. Alkalies 
give in this a precipitate of eosinate (insoluble in ether, though soluble 
in water). A red deposit therefore forms on the portions of the glass 
which are attacked. A lead glass will give a red precipitate of lead 
eosinate (insoluble in water). 



Mineralogy, by A. J. Moses. 
Atelestite, Breit, Bi^AsH^O^. Monoclinic. 

A specimen of bismite from the Neuhilfe mine, Schneeberg, Saxony, 
showed minute crystals of a sulphur-yellow or greenish color, and ada- 
mantine lustre, H.= 3 to 4 ; G.= 6.4. The mineral was easily soluble 
in dilute HCl, less easily in HNO3, ^"^ when heated in a tube whitened 
and fell to powder. The above formula was determined by analysis. — 
Groth. Zeit,f. Kryst xvii., i, 1889. 
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Anthochroite, Igelstrom, 

Occurs with braunite at Jacobsberg, Sweden, in fine granular masses. 
Color, rose-red or violet; H. 5-6. Analysis gave 

SiO, MnO CaO MgO R2O3 RjO 
51.6 3.4 23.3 13.5 1.4 6 8 

— Am,/ourn, Set., v. 38, September, 18S9. 

AwARUiTE, Skey. Ni^Fe, 

Found in the black sands of the Gorge River, and neighboring 
streams of western New Zealand, in small irregular plates and kernels, 
with gold, platinum, chromite, etc. Also discovered in place in a variety 
of serpentine resembling antigorite, G.= 8.i; H.= 5. Named after 
Awarua, the Maori name of the district. — Groth, Zeit.f. Kryst,, xvii., 
I, 109, 1889. 

Cacoclasite, H. C, Lewis, 

Occurs at Wakefield, Ontario, Canada, in pale-blue cleavable cal- 
cite, associated with spinel, pyroxene and graphite. The crystals are 
essentially square prisms, often an inch in diameter. The crystal faces 
are glossy, as if the mineral had undergone partial melting, and without 
exception are irregularly corrugated or grooved. 

Upon analysis of carefully selected pieces the mineral is found to con- 
tain free silica, a carbonate and a phosphate. If these are deducted as 
quartz, calcite and apatite, the remaining constituents differ in propor- 
tions. It is therefore concluded that cacoclasite is not a good mineral, 
but a mixture possessing the form of wernerite, and is the result of its 
alteration. — F. A, Genthy Am. Jburn. Sci., vol. 38, 200, September, 1889. 

Caracolite, WelfsJky, PbHClO. Hexagonal (?). 

A specimen of massive anglesite and percylite from Mina Beatriz, 
Atacama, shows numerous small, colorless crystals i mm. in diameter, 
which are sometimes patched with green. The habit and angles resemble 
mimetite, and the hexagonal form is attributed to twinning. 

The crystals are partially soluble in water and become white and 
opaque when heated. — L.Fletcher, in Min, Mag.^voX, 8, 173, May, 
1879. 

CONNELLITE. 

Found at Namaqualand, Africa, as minute microscopic needles, of 
Prussian blue color, associated with cuprite, malachite and quartz. — 
Mineralogical Mag., vii., 182, May, 1889. 

Daviesite, Z. Fletcher,' PbClO, Orthorhombic , 

In a cavity of a specimen containing percylite, caracolite and an- 
glesite, from Mina Beatriz, Atacama, were found minute prismatic crys- 
tals, less than i mm. in length. They were clear and colorless, adaman- 
tine in lustre and orthorhombic in habit; a : b : c = 1.2594 : i : 0.6018 
^•>3- Qualitative tests indicated lead and chlorine, and the mineral 
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was insoluble in water. Crystallographic examination proved that it 
could not be united with any known oxychloride. Named after Thomas 
Davies, of the British museum. — L. Fletcher, Min, Mag,, viii., 171, 
May, 1889. 

De Saulesite, Konig^ 2{Ni, Zn\ Fe)SiO^+^ff^O, Amorphous. 

Found at Franklin, N. J., as a green crust, or filling cavities in 
fluorite. Named after A. B. DeSaules, manager of the Trotter mine. — 
Proc, Acad, Sci. PhiLy 1889. 

DuDGEONiTE, Heddic, Ni^CaAs^O^+^ff^O. 

Was found at the Pibble lead-mine, Creetown, Kilcudbrightshire, 
Scotland, filling cavities in niccolite. It is a dull, earthy mineral ; color, 
white, spotted with pink or green; lustre, resinous; streak, lustrous. 
H.= 3-3.5. Analysis corresponded to above formula. — M. F. Heddle, 
Min, i^lag.y viii., 200, May, 1889. 

FlEDLERITE. 

One of the minerals produced by the action of sea water on the 
old lead-slags of Laurium, is described as occurring in rectangular plate- 
like crystals, belonging to the monoclinic system ; a : b : c = 0.81918 : 
I : 0.89152; C.= 77° 20'. According to Bettendorfer, the mineral is 
either a chloride or an oxychloride of lead. Named after the director 
of the Grecian Mining Bureau. — Groths. Zeit, f, Kryst., xvii., i, 106, 
1889. 

Flinkite, a, Hamberg, 4^,(9. ^MnO Mn^O^As^O^, Orthorhombic. 

It occurs at the Harstig mine, Paisberg, Sweden, in tabular crystals, 
often grouped in feather-like aggregates. Color, greenish brown, H.=4.5 ; 
G.= 3.87. Named after the Swedish mineralogist, G. Flink. — Am.Journ, 
Sci.y xxxviii., September, 1889. 

GADOLiNiTE,/r^//i Llano and Burnett Counties, Tex is. 

Color, black ; in thin splinters, bottle green and translucent ; in 
powder, greenish gray. G. 4.201-4.2545. Soluble in dilute acids. Alters 
to a brownish-red mineral, with wax-like lustre, and later to red or yellow 
earthy substance. Analyses are given. — F. A. Genth, Am. Journ. Sa\, 
vol. 38, p. 198, September, 1889. 

GYROLiTE,/r^/« New Almaden Quicksilver Mine, 

Occurs as a fibrous layer between apophyllite and the vein rock. 
The specimens are saturated with bitumen. — F. W. Clarke, Am. Journ, 
Sci.f vol. 38, 128, August, 1889. 

Gyrolite has also been observed with zeolites in the railway cut be- 
tween Poonah and Bombay, India. — Heddle, Min, Mag., viii., 199, May, 
1889. 
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Hydroplumbite, Heddle^ Z^bOy B^O. 

Observed upon a single specimen of cenissite, galenite and yellow 
pyromorphite, supposed to be from Leadhills. It consists of pure white 
scales of minute crystals, overlying the other minerals. In closed tube 
it yields much water and instantly becomes bright red. Easily soluble 
without effervescence. An artificial compound of above composition 
yielded identical tests, but differed in crystalline characters. — M. F. 
Heddle, Min, Mag,^ viii., 201, May, 1889. 

KoRNERUPiN, Lorenzefiy MgAl^SiO^, Orthorhombic, 

Occurs at Fiskernas, Greenland, with sapphirine, gedrite, pargasite, 
etc., in white, radial or fibrous aggregates, very similar to fibrolite. The 
fibres are commonly so compacted that no crystal faces are discernible, 
but at times the individuals may be distinguished, although the minute- 
ness and compactness make the isolation of a measureable crystal very 
difficult. The system is orthorhombic; a : b = 0.854 : i ; H. = 6.5. * 
G. = 3.273. Similarity to Sauer's prismatin from Waldheim, Saxony, is 
pointed out. — N. V. Ussing, Groth*s Zeit,f, Kryst.y xvii., i., 605, 1889. 

Mazapilite. (See vol. x., No. 2, this journal.) 

As.Oj Sb.Oj PPj Fep, CaO HjO 
43.60 0.25 0.14 30.53 14.82 9.83 

— G. A. Konig, in Acad, Set., Philadelphia, 45, 1889. 

Messelite, W. Muthmann, 2( CaFeMg\P^ O^^^H^ O. Triclinic, 

In the bituminous schists near Messel in Hesse, is found a crystal- 
line substance consisting of irregular star-like aggregations of brown to 
colorless crystals, i ^^ mm. wide by 2 mm. long. Individual crystals 
are rare. H. about 3. Easily soluble in HCl or HNO,. In tube 
yields water and becomes black. Groth*s Zeit. f. Kryst,, xvii.^ 93, 
1889. 

Michel-Levvite, a, Lacroix, BaSO^, Monoclinic, 

Occurs near Perkins Mill, Templeton, Quebec, in lamellar masses 
in limestone, has three pinacoidal cleavages ; C. = 77^-78° ; G. = 4.39. 
— ^//w. yi?^r//. 5r/., v., 38, September, 1889. C. R., cviii., 11 26, May 
27, 1889. 

Monazite (^Turnerite), 

The usually accepted locality for turnerite, Mount Soret, Dauphiny, 
is a clerical error; no such mountain exists, and the correct locality is 
either le Puys near St. Christophe, Dauphiny, or the neighboring 
locality of le Fremey in the Romanche Valley. — H. A. Miers, Min, 
Mag,, vol. viii., 208, May, 1889. 

Plattnerite. 

Has been found at the *' As You Like '* mine, near Wallace, Shos- 
hone County, Idaho, as an irregular massive specimen coated with 

VOL. XI.— 6 
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limonite. Color, iron-black ; streak, chestnut-brown ; lustre, metallic. 

H. = 5-6 ; G. = 9. 411 (Wheeler), 7.25 (Hawkins). It is easily fusible. 

Analyses showed 

PbOa ZnO SiO, FejO, 
Wheeler, 96.63 ... 1.62 1.12 
Hawkins, 91.03 .07 3.00 5.68 

— Am. yourn. Sa\, v., 38, July and August, 1889. 
A dull-brown mammillated mass from the belton-grain vein, Wan- 
lockhead, and a nodule upon smithsonite, from Leadhills, Scotland, 
are described by Heddle. — Mifi. Mag,^ vol. viii., 203, May, 1889. 

PercvliTE, Brooke, Pb Cu CIO + H^ O, Isometric. 

From Mina Beatriz, Sierra Gorda, Atacama, in sky blue modified 

cubes upon calcite and associated with galenite, anglesite, bindheimite, 

crocoite, wulfenite, cerargyrite, iodyrite, chrysocolla, and azurite. No 

• water was found. — L. Fletcher, in Min, Mag., vol, viii., p. 172, May, 

1879. 

Pleonectite. Sb, Pb, As, 

Occurs at Sjo mines, Sweden, with arseniopleite. Color, grayish- 
white, greasy. H. = 4. — J^ahrb, Min., vol. ii., 36, 1889. 

Plumbonacrite. 

A name suggested by Heddle for a hydrous lead carbonate from 

Wanlockhead, near the hydrocerussite of Nordenskiold. An analysis 
gave 

CO, PbO H2O Insol. 

4.76 92-85 2.01 0.78 = 100.40. 

— Am./oum. Sci., v., 38, September, 1889. 

Sapphirine, Giesecke, Mg^Aly^Sifi^y Afonoclinic. 

An elaborate discussion with crystal I ographic angles, etc. — N. V. 
Ussing, Groth's Zeit.f. Krysi, vol. xvii., i, 1889. 

Tephrowillemite. 

Name given by Konig to manganiferous variety of willemite from 
Franklin, N. J.. — Am.Journ. Sei., vol. xxxviii., October, 1889. 

Trona ( C/rao), J\ra^cb^Aa/fCOj, + ilf^O. Monoclinic. 

The existence of a sesquicarbonate of soda rests upon an analysis 
by Klaproth, with which other analyses, after deduction of impurities, 
do not agree with even reasonable closeness, and further, no sesquicar- 
bonate of soda can be produced artificially. The conclusion is that no 
such salt exists, but that the so-called sesquicarbonate is a union of one 
molecule of Na^CO, with one of NaHCO,, although an excess of 
NaHCOg may give results approaching the composition of a sesquicar- 
bonate. The result of analyses of five salts is closely expressed by the 
formula given above. — T. M. Chatard, Am, yourn, Sci., vol. xxxviii., p. 
59, July,. 1889. 
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Uraninite. 

W. F. Hillebrand finds that during treatment with HCl, H,SO^ or HF, 
nitrogen is liberated to amount of i to 2 per cent, of weight of the 
uraninite. Specimens from every available locality were tried. — Am. 
Joum, Sa\, vol. xxxviii., October, 1889. 

The Sulphates of Iron from Tierra Amarilla, Chili. 

Thus far the species described by Linck,* Frenzel,f"and Mackin- 
tosh, J are : 

Amarantite, Frenzcly Fe^^0^j\.iH^O, 

Red microscopic crystals. G. 2.005. Associated with copiapite. 

BiicKiNGiTE, Lincky 2 Fe^{S O Xl J^^^ O ^iff^S 0^+ 60 H^O, TricUnic. 
Dark-brown tabular crystals. 

Copiapite, Haidinger, Fe^ Oh \( SO,)^ + 1 2>ff^ O, Monociinic, 

Bright transparent sulphur-yellow crystals, 2^ mm. by J^ mm. ; 
a : b: c: : .4791 : i : .9759. C. = 71° 56'. Also massive dark-yellow 
showing small amounts of soda and ferrous iron. G. 2103 (crystals), 
2.1 18 (n.assive). H. = 2.5-3.. Easily soluble in water. 

Coquimbite, Breithaupt, Fe^S^O^^ + gH^O, HexagonaL 

Light-bluish violet, sometimes greenish, small crystals ; slightly 
yellowish. G. = 2.105. Slowly soluble in water. On exposure becomes 
coated with white powder. 

Ferronatrite, Mackintosh^ Na^Fe^(SpX^6H^0, 

Pale whitish-green mineral in stellate groups, forming nearly 
spherical nodules and resembling wavellite. 

Fibroferrite, Rose {Stypttcite)^ proposed formula Fej^ OH)^^ O^ + 9-^2 O, 
Monoclinic, 

In yellowish-green cylindrical or radiating fibrous aggregates with 
silky lustre. H. = 2-2.5 > ^- = ^-857. 

Halotrichite, docker , FeAl^fi^^ + 2A^H.fi, Triclinic, 

In white fibres with silky lustre. H. = 2.5 ; G.= 1.885. Easily 
soluble in cold water. 

HoHMANNiTE, Frefizel, 

Probably identical with amarantite. Occurs in chestnut-brown 
masses with fibrous structure. 



* XJinck^ Jahrb, Min , i., 213, 1 888; Zeit f. Kryst, xv. i ; Min. Mag.^ vii,, 215, May, 
1S89. 
t Frenzel, Afin, Petr. Afitfh., ix., 397. 
J Mackintosh, Am.Joum, Sci,^ xxxviii , September, 1889. 
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QuENSTEDTiTE, Ltficky Fe^S^O^^+ \oHfi, Monoclinic, 

In reddish-violet transparent gypsum-like crystals, attaining dimen- 
sions of 5 mm. by 1-2 mm. by i mm. ; a : b : c. = .3942 : i : .4060 ; C. 
= 77^58'; H. = 2.5; G. = 2.1155. 

RoEMERiTE, Grailich^ Fe{Fe^Ar)^fi^^-\-\iH^O, Triciimc, 

In chestnut-brown crystalline masses. H. = 3-3.5 ; G. = 2.102. 
Very soluble in water; after healing is less soluble. 

(Unnamed Compounds.) 

Mackintosh also analyzes and describes three other compounds to 
which no names have been given. 

The first of these occurs associated with copiapite and amarantite, 
but quite distinctly separated from them, in pulverulent orange flakes 
arranged in parallel tabular layers. It shows no crystalline structure. 

SO3 41.24 

Fe,Os, 41.22 

H2O [17.54] 

Formula, Fe,S,0^ -j- 4 7 Hp. 

This formula suggests either amarantite or the hohmannite, which 
was later believed to be amantite. 
A white powder, apparently an alteration product, yielded on analysis : 

SOs, .♦ 38.00 

FeaOs 12.16 

FeO, 22.51 

Na20, 0.58 

HtO (by difference), . . . ^ 26.75 

Formula, 4FeO, Fe^O,. 680,, ipHp. 

Water lost at 110° C. = 9.61 molecules or almost exactly one-half. 
Two other white powders associated with these minerals have given 
the following figures: 

A. B. 

SOs 47.90 45.61 

FeO, 30.81 35.05 

FesOj, 5.64 5 14 

AUOs, 0.65 

NaiO, 4.42 0.33 

H,0 (difference), 10.58 13.87 

These both have as their chief constituent a ferrous sulphate with one 
molecule of water, as shown below : 

A 428rFeSO„ H,0)+ 7iNa,SO, + 4o(2Fe,0„ 5SO,, 4H,0y. 
B 4871. FeSO,, H,0) + 5Na,SO, + i6(2Fe,0„ 5SO,, i8H,0). 
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A Treatise on Hydraulics. By Prof. Mansfield Merriman. Published by John 
Wiley & Sons. 380 pages. 

Professor Merriman 'swell-proved and widely-known powers of logical 
reasoning, and his clear, definite ideas of arrangement, have resulted in 
former efforts of his pen, in producing books that seemed models of 
scientific style in writing, nor has this latest work proved any exception. 

The characteristic of his style is not the collection of statistics of ex- 
periments, or the grouping of a vast array of facts and theory with little 
symmetry of design, but it is the statement in as few words as possible, of 
the essential truths of his subject, in such a manner that the outlines of 
his work are at once apparent. Thus the student obtains a clear idea of 
the relations of the various branches of the science, and the practical use 
to be made of them ; a result that too often is attained only after his 
passing through a long transition period of mental fog and mist. 

Professor Merriman 's books are therefore eminently well adapted for 
use in instruction, although against some of them it is possible that it 
will be urged that they are not full enough for advanced students. 

An excellent feature of his Hydraulics is the calling attention to the 
probable error in the use of the various coefficients and methods of ob- 
servation. The tables of coefficients and results of special experiments 
that the specialist needs in full are there somewhat condensed to their 
essential results only. 

The headings of the various cha|>ters give a fair idea of the lines along 
which the subject is discussed, and are as follows: 

Introduction, Hydrostatics, Theoretical Hydraulics, Flow through 
Orifices, Flow over Weirs, Flow through Tubes, Flow in Pipes, Flow in 
Conduits and Canals, Flow in Rivers, Measurement of Water-power, 
Dynamic Pressure of Flowing Water, Hydraulic Motors, Naval Hydro- 
mechanics. 

These headings serve to show that the subject of Hydraulics is quite 
thoroughly covered, but it is only by inspection that the special excellence 
of the book is seen, in its clear statement and grouping of the numerous 
topics, and in the manner of showing the true nature of theory, and the 
practical relations of that theory with measurement and gauging. 

J. L. G. 

Treatise on Elliptic Functions and their Applications. By G. H. Halphen, 
Member of the Institute. 8vo. Gauthier-Villars, Paris. Vol.1., 492 pp., 1886. 
Vol. II., 659 pp., 1888. Vol. III. in press. 

In the preface of this work the author observes that the domain of 
pure mathematics may be divided into two great regions. The first and 
more elevated is being constantly extended, but almost always by insen- 
sible degrees ; the other remains unchanged for long periods, and is only 
extended abruptly at infrequent intervals by the adoption in toto of some 
complete new theory. The former possesses interest for those only who 
have given themselves up to mathematical study and research ; the latter 
includes all mathematics which is taught in scientific schools or whatever, 
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on account of its application, is necessary to the student of the exact 
sciences. The Theory of Elliptic Functions is at the present moment in 
the state of transition, and the object of this new treatise is to hasten to 
an end the period of this change. 

The appearance of this work recalls an address delivered two years 
ago before the London Mathematical Society l)y its President * He 
used the words, **I believe that the time is rapidly approaching when 
the elementary portions of the theory will be regarded as necessarily 
forming part of the common course of reading of all students of mathe- 
matics, so that a familiarity with su*s, cu's, du's and their properties 
will become as essential as the Differential Calculus to the mathematical 
equipment of every person who has made mathematics one of his sub- 
jects of study.'* 

The theory of Elliptic Functions is a kind of generalized trigonometry, 
the trigonometrical functions being special cases of the elliptic functions, 
and trigonometrical formulas being deducible from corresponding form- 
ular of great r generality. Other special cases of an analogous char- 
acter are those functions which bear the same relation to the Hyperbola 
and to the Lemniscate that the trigonometrical functions bear to the 
circle. These considerations are very useful for the purposes of a brief 
survey. The first volume of M. Halphen's work is divided into two 
portions. In the first is found as complete a treatment of the elements of 
Elliptic Functions as is contained of trigonometry in the best text-books 
on that subject ; the second portion is devoted to the development of 
these functions into series. The second volume contains the applica- 
tions to Mechanics, Physics, Geodesy, Geometry and Integral Calculus. 
The third is to contain the more difficult theory of transformations and 
the applications to the theory of numbers. 

The most simple manner of defining a function is by means of a geo- 
metrical construction, as is done in trigonometry. This precedent is 
adopted in the present treatise, but as the most elementary conception 
of an elliptic function requires the supposition of a complex imaginary 
variable, such a definition requires immediate extension. This is done 
by means of the addition-formula which, as the author employs the no- 
tation of Wei erst rass, takes the form : 

Having obtained thus a general definition of the functions, their great 
characteristic property of .double periodicity is deduced. Then the fun- 
damental integral by which they have been most frequently defined is 
obtained in the form : 

The whole treatment is extremely direct and avoids general discussions 
upon the complex variable and upon the theory of definite integrals. 

* Mr. J. W. L. Glaisher, F.R.S. See Nature, vol. 35. 
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It is only by the exhibition of many important applications of the 
Theory of Elliptic Functions that a claim for its wider recognition on 
the part of scientific students can be vindicated, and on this account 
great interest attaches itself to the second volume of this work. There 
could be no one more eminently qualified than the author to treat of 
these applications, as numerous contributions of his own in this line have 
often testified. The subjects considered are treated with great fulness. 
The most important of them are : 

Rotation of Bodies. 

Movement of a Solid in an Indefinite Liquid. 

Elastic Plane Curve with Uniform Normal Pressure. 

Geodesic Lines of Surfaces of Revolution. 

Problems of Geodesy. 

Attraction of an Elliptic Ring, — application to Astronomy. 

Plane Geometry, — Polygons of Poncelet, Cubics. 

Differential Equations. 

A striking and valuable feature of this volume is the reference to 
original authorities at the beginning of each chapter. The work of G. 
W. Hill, of Washington, upon the subject of Secular Perturbations, 
receives very satisfactory recognition in connection with the chapter on 
the Attraction of an Elliptic Ring. T. S. F. 
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Seth Low, President-elect of Columbia College. — The election 
of Seth Low to the presidency of Columbia College is a very fortunate 
one. 

Distinguished for his fidelity to duty and his excellence in scholarship 
during his college days, the easy chief of the able class of 1870, an 
alumnus whose interest in scholarly matters and whose devotion to his 
alma mater did not cease with his graduation, but have gone on from 
strength to strength, a man accustomed to the consideration and the 
management of large affairs in church, in state, in commercial enter- 
prises, of trained perception, of logical mind, of sound judgment, of 
earnest convictions and the courage of them, of tact and skill in the 
management of men, imbued with the better spirit of the time, in 
sympathy with youth and true progress, in vigorous health, in the prime 
of life and eager to do good — it would be strange, indeed, if his accession 
to the presidency of this institution should not be hailed by all friends 
of the college as a most happy omen. He will receive a warm welcome 
here. 

The Will of the late President Barnard. — After providing for 
the payment of a few legacies, the sum total of which is not great. 
Dr. Barnard makes Columbia College the residuary legatee of the entire 
residue of his estate. One of the personal legacies is bestowed in the 
following words : 

'* Third : I give to my friend. Professor John Krom Rees, the watch 
known as my Cosmic Time Watch, as a mark of my regard and of my 
appreciation of his zealous efforts for the promotion of metrological 
reform and for the introduction of the now-established system of public 
standard Time.*-* 

After the estate shall have come into the possession of the college, it 
is to be used for the following purposes, as set forth in the will : 

•* I. One portion of the said fund, to the amount of ten thousand 
dollars, to be set apart and to constitute the foundation of a fellowship 
to be entitled * The Barnard Fellowship for Encouraging Scientific Re- 
search,' the annual income from the sum so set apart to be devoted to 
the support, or partial support, of some alumnus of the School of Arts, or 
of the School of Science, known as the School of Mines of Columbia 
College, who may be recommended to the trustees by the joint vote of 
the faculties of the said schools, as evincing decided aptness for physical 
investigation, and who may be disposed to devote himself to such inves- 
tigation for some years continuously." 

** 2. All the remainder of my property invested as aforesaid, to con- 
stitute a fund, under the name of ' The Barnard Fund for the Increase 
of the Library ; ' the income from the same to be devoted to the pur- 
chase, on account of the library of Columbia College, of such books as, 
from time to time, may be most needed, but especially of books relating 
to physical or astronomical science ; selecting, in preference, those 
which may b** likely to be most useful to persons engaged in scientific in- 
vestigation. But of the income from this said fund, I desire that so 
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much as maybe necessary shall be applied in the manner following: 
The trustees of Columbia College shall cause to be struck, with suitable 
devices, a medal of gold, nine-tenths fine, of the bullion value of not less 
than two hundred dollars, to be styled * The Barnard Medal for Meri- 
torious Service to Science ;' and shall publicly announce that a copy of 
the same will be awarded, at the close of every quinqennial period, 
dating from the probate of this my last will and testament, to such 
person, whether a citizen of the United States or of any other country, 
as shall, within the ^st, years next preceding, have made such discovery 
in physical or astronomical science, or such novel application of science 
to purposes beneficial to the human race, as, in the judginent of the 
National Academy of Sciences of the United States, shall be esteemed 
most worthy of such honor/' 

** And I would further desire that the medal above described should 
bear, if it can be accomplished without interfering with the appropriate 
artistic devices, upon its obverse side the motto, Magna est Veritas^ and 
ujwn its reverse the motto, Deo optimo Maximo^ Gloria in Excelsis,^* 

Dr. Newberry and the Murchison Medal. — The Murchison medal 
of the Geological Society of London, was, as most of our readers are 
aware, awarded to Prof. J. S. Newberry, on February 17, 1888. 

The abstracts of the proceedings of the Society at that meeting have 
lately come to our hands, and we take great pleasure in quoting from 
these papers. 

** The President then handed the Murchison medal to Archibald 
Geikie, LL.D., F.G.S., for transmission to Prof. J. S. Newberry, M. D., 
F.M.G.S., and said: 

** Dr. Geikie, the council of this Society in awarding the Murchison 
medal to Dr. Newberry, desire to place on record their sense of the 
very high value of his geological researches in various parts of the 
United States. Dr. Newberry's studies have been pursued, during the 
last thirty years, in connection with every branch of geological science. 
The maps and memoirs of the Geological Survey of Ohio afford the 
highest proofs of his skill as a stratigraphical geologist ; numerous papers 
dealing with the phenomena of the glacial formations testify to the 
attention which he has devoted to that important subject ; while several 
of his memoirs treat of petrographical questions. In palaeontology Dr. 
Newberry has made many valuable contributions to our knowledge, 
especially in connection with fishes and plants. Nor have the great 
problems of geological philosophy been neglected by our esteemed for- 
eign member, who now occupies so important a post in connection with 
one of the greatest educational institutions of his native country. When 
the Director-General of our own Geological Survey transmits to one of 
the pioneers of American Geology a medal founded by a father of British 
Geology, the action may be fairly held to typify the universal brother- 
hood of Science.** 

Dr. Geikie, in reply, said : 

** Mr. President, on the part of Dr. Newberry I am commisioned to 
receive the Murchison medal which has been awarded to him. Were 
my friend here himself, he would express, far more fittingly than I 
can, his gratification that the Geological Society of London has con- 
ferred this honor upon him. But there is one advantage perhaps in his 
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absence, that we can freely speak of him and his work, regarding which 
he would himself wish to be silent ; and it is of him and his work that 
the Fellows doubtless wish to hear. 

"It is now nearly forty years since he began his scientific career. 
During this long interval of constant and enthusiastic labor, as you have 
so well observed, there are few departments of geology into which he 
has not entered, and where he has not left the impress of his clear insight, 
his singular mastery of detail, and his faculty of broad and luminous 
generalization. And yet this record of fruitful work has been achieved 
in the midst of continual demands on his time and thought made by 
professional and official duties — demands which for most men would 
have been enough to fill up a busy life. To geologists on this side of 
the Atlantic who know him only by his published writings, there are 
more especially three lines of research with which his name is associated. 
It was he who, in the expedition under Lieutenant Ives, eight and twenty 
years ago, first made known to the world the wonders of the Colorado 
River of the West, who recognized in that region monuments of the 
most stupendous denudation, and who by his clear and graphic descrip- 
tions inaugurated a new era in the discussion of the problem of land- 
sculpture. His researches on fossil plants have placed him in the very 
front rank of those who have made known to us the characters of the 
vegetation of former periods of the earth's history. As a fitting crown 
to these researches he will shortly publish a large monograph, with two 
hundred plates, descriptive of the fossil floras of North America. And, 
thirdly, his long and minute investigation of fossil fishes has enabled him 
to repeople the ancient waters of the North American continent with 
the abundant and often extraordinary types which characterized them. 
Another great monograph, with sixty plates, on this subject is also in the 
press. 

** There seems to me something peculiarly appropriate in the award of 
the Murchison medal to such a man. He is a geologist after Murchi- 
son's own heart — keen of eye, stout of limb, with a due sense of the 
value of detail, but with a breadth of vision that keeps detail in due 
subordination. 

** If I may be permitted, I would fain add a word of personal gratifi- 
cation that it has fallen to my lot to be intermediary on this interesting 
occasion between the Geological Society of London and one of the most 
distinguished men of science in the United States. The geologists of 
North America are drawn to us by stronger ties and closer sympathy than 
most of us are perhaps aware. They look on our Society as the parent 
of their own kindred associations. Our fathers in geology are also theirs. 
They wait for the advent of our Journal, and keep themselves far more 
fully conversant with what is done within these walls than most of us, I 
am afraid, do with their work. I confess that, for myself, I often feel 
ashamed and mortified that I can do so little to keep myself abreast of 
the rapid and astounding progress of our science on the other side of 
the ocean. We hardly realize and recognize as fully as we should the 
nature and bearing of the work of our brethren across the sea. So I 
hail this opportunity of holding out the right hand of fellowship, for I 
am certain that the geologists of the United States will feel that in doing 
honor to Dr. Newberry the Geological Society of London wishes at the 
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same time to express its appreciation of American geologists and its best 
wishes for the advance of American geology.'* 

The medal is in bronze, beautifully engraved. A sum of gold, equal 
to what the medal if in gold would weigh, accompanied the award. 
This is the first time that the Murchison medal has been given to an 
American geologist. J. K. R. 

Medal to Mr. Hollerith. — The jury of the Paris Exposition have 
awarded a gold medal to Mr. H. Hollerith for his exhibit of machinery 
for electrical tabulation. The apparatus was fully described in Vol. X., 
No. 3, of the Quarterly. 

Department of Engineering. — The new course in electrical engi- 
neering in the School of Mines was regularly started at the opening of 
the college. 

The building erected specially for electrical and mechanical engineer- 
ing purposes was delayed considerably by bad weather during the summer, 
and is not quite ready for occupancy. But, fortunately, temporary 
quarters, with ample space, were found in an adjoining building, where, 
for the present, the electrical instruction is being given. 

The work has begun very satisfactorily with fourteen students, which is 
as large a number as can be advantageously instructed in the beginning. 
More than half of the students are already graduates of the School of 
Mines in civil and mining engineering, and the rest are graduates of othe* 
colleges. These men make most desirable students, as they are already 
well educated. In fact, the requirements for admission are such that the 
students are sufficiently advanced to be able to give their whole time to 
electrical work, uninterrupted by instruction on general subjects. 

The regular course for the degree of electrical engineer extends over 
two years, it being considered that the usual one-year electrical course is 
not sufficiently long to thoroughly teach a subject of the magnitude and 
difficulty of electricity, even though the entire time be given to it. There 
is, however, a partial course of one year for those who do not care to 
go so deeply into the subject, for which a certificate only is given. 

The apparatus for use in the course include the best American and 
foreign instruments, such as the large Anthony bridge ; Elliott bridge ; 
Anthony standard galvanometer ; Thomson's reflecting galvanometers, 
large and small (by Elliott) ; Thomson's ampere balance ; Marshall 
standard multiple series condenser; Elliott standard condenser; sets 
of 100,000 ohm coils by Anthony and by Elliott ; Weston, Ayrton & 
Perry, Cardew & Carpentier voltmeters and amperemeters, etc. 

Besides these standard instruments, there are the instruments ordi- 
narily employed in practical work, such as portable bridge and galvan- 
ometer sets, detector galvanometers, etc. 

There are also, in the electrical engineering building, a loo-light and 
a 300-light Edison dynamos of recent type, which are working and 
available for the use of the students. The building is also connected 
with the Edison street circuit, as well as with the Manhattan alternat- 
ing current circuit, thus giving excellent facilities for experiment. 

A 3 H. P. Sprague electric motor is in use in the buildings, and 
other smaller motors will be used in driving machines and apparatus 
in the laboratory 
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Standard sets of telegraph, telephone, and electric light apparatus, 
and primary and secondary batteries, are also to be provided for the use of 
the students. 

The course of instruction consists of lectures, two hours per week, on 
principles of electricity, and three hours on applications of electricity, by 
Mr. F. B. Crocker ; and three hours per week on electrical measure- 
ments and two hours on mathematical theory of electricity, by Mr. 
Michael Pupin. These lectures last from lo to 12 o'clock each day, and 
the time from 1 to 4 is spent in practical laboratory work under the per- 
sonal supervision of the instructors. This work consists in the actual 
construction and testing of electrical apparatus and machines, and 
covers measurement of resistances, electro-motive forces, currents, in- 
sulation, location of grounds and faults, tests of efficiency and constants 
of machines, etc. 

Both lectures and the laboratory work take up the subject from the very 
beginning, and a thorough drilling in fundamental principles is given. 
This is found to be very necessary even in the most elementary matters, 
and is probably the most important part of the entire course. 

The new course has thus started under very favorable circumstances, 
with every prospect of being a benefit to the College and to electrical 
engineering. 

Department of Mineralogy and Metallurgy. — Mr. G. C. H. 
Hand has presented to the mineralogical collection a cluster of beautiful 
enargite crystals from the Belle Stow mine, Missola County, Mont. The 
faces of at least ten distinct crystals, in the cluster, can be distinguished ; 
some of the crystals illustrating very well the formation of twins by inter- 
penetration. The crystals show the prism and basal pi nacoid faces. The 
largest crystal is i^ inches long, the prism faces being nearly 5^ of an 
inch wide. Tiiree of the crystals show the micro pinacoid and macro 
dome, while two of the crystals show faces belonging to the macro prism. 
The lustre is bright metallic on all faces, especially on the basal pinacoid. 
Oa some of the faces the lustre has been slightly dimmed by tarnish. 
The cleavages can be distinctly seen. 

Among other recent additions to the mineralogical collection are : 

Specimens of descloizite and vanadinite from the Mimbres mines, 
Georgetown, Grant County, New Mexico, illustrating in a most inter- 
esting manner the transition from vanadinite to descloizite. Two pyrite 
crystals from the French Creek mines, Chester County, Pa., the smaller 
of which is \\ of an inch in height, and is a beautiful example of an 
almost perfect octahedron, there being scarcely any appreciable differ- 
ence in the lengths of the octahedral edges. 

Some very beautiful and brilliant calcite crystals from the Bigrigg 
mines, Cumberland, England. 

The lectures in mineralogy and crystallography are this year delivered 
by Mr. Moses. The department has secured a conference room for min- 
eralogy in President Barnard's house, in which the various student and 
conference collections will be kept. It will now be possible to hold 
conferences with divisions, instead of large classes, without interfering 
with the claims of others using the department lecture-room. 

A plan of the mineralogical collection has been prepared by Mr. 
Luquer, showing the position and numbers of all the table and wall 
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cases. There is also given a condensed classification of the mineralogi- 
cal collection, together with the numbers of the tables and cases in which 
the minerals may be found. 

Mr. W. H. McKleroy has presented to the Department of Metallurgy 
a group of octahedral crystals of iron from the interior of a defective 
casting for a large column. The casting was made at Anniston, Ala. 
Some of the crystals show twinning by interpeneiration, and most of 
them have commenced to oxidize on the surface. The surfaces of the 
octahedra are very rough and uneven. The axes of the largest octahe- 
dron are \ of an inch long. 

The metallurgical collection has received, through Prof. C. P. Clark, 
of the South Kensington Museum, four specimens showing the methods 
of casting double-linked chain anklets which is common in Rajputana 
and Central India. These anklets are made of bell metal, cast in one 
piece, in such a way that when released from the mould and sprues, 
they are as flexible as it would be possible to make such chains by hand. 
As they are so remarkable, a description of the method in which they 
are made will be interesting. 

The mould is prepared of a wax made of seven parts of ordinary wax, 
forty parts of resin, and eleven of oil. These are melted together in an 
earthen pot and strained into cold water. The mixture is then pulled just 
as molasses candy is pulled, and after getting it into the proper uniformity 
and consistency, it is rolled out into long lengths of the same diameter as 
the links of the anklets to be made. It is then coiled on a round stick 
of the diameter of the links to be used, and when 60 or 70 turns have been 
made the coil is cut through the middle with a knife in the same way 
that rings of iron, brass or copper wire are made. The two edges of the 
first ring are melted together with a hot piece of thin steel and united. A 
second link is passed into it and the edges united in the same way, and so 
on, four rings being passed through each one of the others, until a sufficient 
number of rings have been put together. When the requisite number 
of rings have been united, the two ends are brought together, and this 
forms a curbed chain in wax, with a distance of about the thickness of 
ordinary writing paper between each link. The chain is now flattened 
by the hand to the exact form it is to have. If, during the operation, it 
gets too soft, it is put into cold water, and if it gets too hard, it is put into 
warm water. The bracelet or anklet thus made is dipped into a very thin 
preparation of three parts of pulverized red clay and one part of pulver- 
ized dry cow-dung. The solution is made thin enough so that it pene- 
trates between every link. The anklet or bracelet is taken out and dried, 
and the operation is repeated four or five times, until the joints between 
the rings are completely filled with the dried preparation. When this 
is done-, a thicker paste, composed of eight parts of red clay and one part 
of fresh cow-dung, diluted with water, is spread over the outside, so as to 
completely cover the anklet or bracelet and form a mould. Three thin 
coatings are generally put on, so that the total thickness of the coat will 
be about ^ths of an inch. 

This is dried in the sun,and when dried,the whole upper edge is scratched 
with an iron tool, so as to open the edge of the anklet down to the wax. 
A thin, flat piece of the wax is then attached to each one of the links by 
means of a hot wire, and the whole is covered with a clay paste and 
allowed to dry. A small portion at the top is not protected. To this 
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a thick ribbon, an inch long and one-quarter of an inch broad, is 
attached and coated with clay. Two anklets are then put together, 
so that the sprues of wax come to the top and form a neck. Three coat- 
ings of a thick paste made of red clay are placed over the two anklets 
together and carefully dried, leaving the wax projecting, so that a hollow 
ring is formed, on the top of which the wax connecting with anklets 
comes to the surface. At the place where the last piece of wax is added, a 
neck is formed in clay in the same way, and over this neck a crucible 
which contains the requisite quantity of the metal is pla:ed. Thirty-two 
parts of a thick, black earth, mixed with one part of chaff, is applied 
over the whole surface of the mould. A small conical crucible contain- 
ing the metal, with a small quantity of borax, is inverted over the top 
next the wax and fastened there and dried. This makes a ring 4j^ inches 
in diameter and 25^ inches thick, with the crucible and its neck 3)^ inches 
in diameter and 2^ inches high. A small hole is made near the top for the 
purpose of allowing the wax to escape. The whole is placed in a furnace, 
generally made in a hole in the ground, with the crucible point below. 
Dried cow-dung is used for fuel. The wax melts and burns, and escapes 
through the hole made for the purpose as a black smoke. When the 
metal is melted, white fumes appear. All the cracks from which these 
fumes escape are then plastered with clay, and the whole put in water for 
an instant. The mould is then inverted and the melted metal goes into the 
cavity left by the wax. It is then allowed to cool slowly and the mould 
broken. The sprue adheres to the ribbon by about a thirty-second of an 
inch, and the two anklets are entirely separated but stiff from the metal 
ribbon which runs around them. When this is cut off with a file, the 
anklet is perfectly flexible, just as flexible as it could have been if made 
by hand. It is cleaned with a brush and water, and is generally coated 
with pewter composed of tin 38.16, lead 61.74. The brass is composed 
of copper 46.33, zinc 45.98, tin 3.53, lead 3.49. One man can make 25 
of these in fifteen days. 

Department of Architecture. — Prof. Ware having obtained leave 
of ab.sence during the current year, the principal charge of the depart- 
ment has devolved upon Mr. Hamlin, who has been raised to the rank 
of assistant professor, with the duty of taking Mr. Ware*s place in the 
faculty during his absence. At the same time Mr. Russell Sturgis has 
been made a lecturer during the present year, Mr. M. K. Kress has been 
appointed curator of the architectural collections, and Mr. G. T. Snell- 
ing, a graduate of the Massachusetts Institute of Technology, and lately 
a pupil in the EcoU des Beaux- Arts in Paris, has been made an assist- 
ant in architecture. 

The students in this department were last year very much crowded, 
and those this year being still more so, the trustees have granted the 
third story in the president's house for an additional drawing room, a 
lecture room, a room for collections and a study for one of the instruc- 
tors. A bridge connects the drawing room with the architectural library 
and lecture room in the Fourth Avenue building. 

As now arranged, each class has a drawing room of its own, Mr. Ham- 
lin having the fourth class men in the alcoves, Mr. Snelling the third 
class in the middle room, Mr. Sherman the second class in the new draw- 
ing room in the president's house, and the first class occupying the north 
room under charge of Mr. Harriman. 
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Department of Geodesy and Practical Astronomy. — Prof. Rees 
has added lately lo the apparatus to be used in the summer school of 
geodesy a theodolite by Fauth & Co. The horizontal circle is ten inches 
in diameter, and is read to tenths of seconds by two micrometer-micro- 
scopes 180° apart. The usual pointer, or third microscope, for obtaining 
the degree-reading is dispensed with. The graduation figures are micro- 
scopic and inverted, so that the degree figures appear in both the reading 
microscopes right side up. This arrangement saves a great deal of time 
for the observer of horizontal angles. 

There has been purchased for the Department of Geodesy a standard 
four-metre bar and a Bessel level-comparator. These will be used in com- 
paring the four-metre bars employed in measuring base lines with the 
standard bar. 

The standard has been carefully compared with the United States 
standards at Washington by Assistant O. H. Tittmann, in charge of the 
Bureau of Weights and Measures. 

The observatory has been wired, so that now all instruments are illumi- 
nated by the Edison electric light. The clock systems about the college 
block, and the chronographs, have been run heretofore by the use of 
gravity batteries. Now the observatory uses the electric light current, 
putting in resistances (lamps) to reduce the voltage. 

The chief of the United States Eclipse Expedition to Africa, Prof. 
Todd, invited Prof. Rees and his assistant, L. Harold Jacoby, to join the 
expedition to observe the total eclipse of December 22, 1889. It was 
found to be quite impossible that both should join the expedition, and for 
various reasons Prof. Rees decided not to go to Africa. The trustees, at 
Prof. Rees's suggestion, gave Mr. Jacoby a leave of absence, with salary, 
until February, allowed him four hundred dollars for his expenses, and 
loaned the expedition the college 5-inch Clark equatorial. The chief of 
the expedition placed great responsibility on Mr. Jacoby in the prepara- 
tion of important apparatus, and has made him one of his head assistants. 
The United States man-of-war Pensacola, commanded by Captain Yates, 
sailed for Africa on October i6th with the expedition on board. 

The observatory has been furnished with a dark room for photographic 
work. It is the intention of Prof. Rees to use the Rutherford equatorial 
(13 inches aperture) with correcting lens in photographing the heavens. 
Until now the observatory has not had the proper facilities for such in- 
vestigation. 

Superintendent's Notes. — During the past summer a system of elec- 
tric clocks has been connected with the standard Dent clock in the 
Library. The current which synchronizes and winds these clocks is 
furnished from the Edison central station, and is attached to the clock 
system by one of the ordinary plugs such as attaches the portable lamps 
in the library. Any clock with a second's or half second's beat may 
be connected with this system. 

The greater portion of the School of Mines is now lighted by elec- 
tricity taken from the Manhattan Electric Light Company whose station 
is at Eightieth Street and Avenue B. Their current is high tension 
(1000 volts) alternating, reduced by converters to 100 volts. 

The library is now lighted from the Edison central station at Thirty- 
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ninth Street and Sixth Avenue. This is a three-wire system with a ten- 
sion of 220 volts. 

An electric motor has been placed in the attic of the School of Mines 
to run two fans which ventilate the registrar's office and the lecture 
rooms above it. The current for this motor is taken from the isolated 
plant in the boiler-house, and has iio-volt tension. The plant in the 
boiler-house will be used in the main for supplying current for the new 
electrical engineering school. 

A vacuum pump has been placed in the boiler-house and connected 
with the laboratories, giving a vacuum at each desk and pressure for a blast 
at central desks. A vacuum of 26 inches is maintained for rapid filtration^ 
and a blast of five pounds is all that is found necessary for glass bending. 

The distillation of water for the laboratories has been discontinued in 
the boiler-house, and Hygeia water is now purchased in its place.. 

Plans of all the buildings showing the location of gas, water, steam 
and electric mains were made during the summer by students in Prof. 
Ware's department, and all changes will be placed on these when 
made. 

The boiler plant was completely overhauled during the summer and 
all engines and pumps near the boilers now exhaust through a feed 
water heater, the other engines at a distance from the boilers exhaust 
into the heating mains, the steam first passing through oil extractors. 

The water for the laboratories and drawing room in the School of Mines 
has been connected with the tank in the tower, and thus a pressure is 
constantly obtained. 
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PUBLIC STREET LIGHTING IN NEW YORK. 

BY E. G. LOVE. 

The first attempt to light the public streets of New York with gas 
was made in 1823, when a contract was executed with the newly- 
organized New York Gas Light Company. The contract granted 
to the company the exclusive privilege, for a term of thirty years, 
of supplying gas to that portion of the city lying south of Grand 
street. The cost of each public lamp was not to exceed the amount 
paid for one oil lamp. This contract expired by limitation in 1853, 
and another one was made for a period of one year. It was simi- 
lar to the first, except that the exclusive right to the territory be- 
low Grand street was omitted, and the price to be paid for light- 
ing the lamps was fixed at j! 15.47 each per annum for 2300 hours, 
with a corresponding increase in price for any extension in the 
number of hours. 

The practice up to this time had been not to light the lamps on 
moonlight nights, but late in 1853 the Common Council directed 
that the public lamps should be lighted on every night of the year. 
This increased the number of hours of lighting to 3833, and the 
cost of each lamp to about $2$ per annum. The number of hours 
lighting remained at the figure given until 1879, when it was in- 
creased to 4000, and has been without change up to the present 
time. 

Some ten years after the introduction of gas lamps in the city, the 
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Manhattan Gas Light Company was organized, and in 1833 obtained 
a grant and contract to light that portion of the city lying between 
Grand street and Sixth street,. the same to continue for twenty 
years. 

Owing to the rapid growth of the city, an extension of the hght- 
ing system became necessary. To this end the existing contract 
with the Manhattan Company was cancelled in 1848, and another 
one made for a period of twenty years, in which the territory was 
extended to Forty- second street. As in the former contract, the 
price per lamp was fixed at |>i 5 per annum for 2300 lighting hours, 
or $2^ for 3833 hours. This second contract was cancelled by 
mutual consent in 1865, and for the eight years following, the city's 
streets were lighted under short contracts or none at all. During 
most of this period the gas Companies, profiting by a decision of 
the Court of Appeals, charged j!53 per lamp per annum. 

In the years 1855, 1858 and 1868 the Harlem, the Metropolitan, 
and the Mutual gas companies, respectively, entered the field al- 
ready sufficiently well filled, and received their grants to tear up 
the city's streets, under the mistaken idea than an increase in the 
number of companies and the amount of capital invested would give 
the consumer cheaper gas. 

The amended city charter of 1873 authorized " the Commissioner 
of Public Works, in conjunction with the Mayor and Comptroller " 
(commonly known as the Gas Commission) to make contracts for 
lighting the streets, avenues and places of the city with gas, but 
limited the contracts to one year. Under this Act contracts were 
made for the year 1874 at greatly reduced rates, which have con- 
tinued up to the present time. 

For convenience in connecting the public lamps with the gas 
mains, the Gas Commission was authorized in 1878 to determine 
when the year for the lighting contracts should commence, so that 
now all contracts for lighting the public lamps date from May ist 
to the April 30th following. 

The contract prices in 1888 were |> 17.50 per lamp by the Con- 
solidated and Mutual Companies, and $\2hy the Equitable Com- 
pany. In the case of the latter company, the franchise fixes the 
price given as a maximum. Companies lighting the public street 
lamps beyond Harlem river receive $2^ and $29 per lamp. 

The first movement looking to the public lighting of New York 
by the electric light was a resolution adopted by the Common 
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Council in February, 1879, requesting the Gas Commission "to 
have experiments made to test the practicabih'ty of lighting " the 
streets and parks of the city with the electric light, and to deter- 
mine the relative cost of gas and electricity for this purpose. As 
the experiments were to be made without expense to the city, 
nothing was done under the resolution. 

Early in November, 1880, however, the Brush Electric Light 
Company asked permission to erect lamp-posts on Broadway, from 
Fourteenth street to Thirty-fourth street, for the purpose of demon- 
strating the suitability of the electric light for street illumination. 
This request was granted, and on the 15th of January following/ 
twenty-two arc lamps were lighted by the company, and continued 
without expense to the city until the ist of June. While these 
lamps were far from perfect, the experiment promised sufficiently 
well to warrant the Gas Commission in making a contract with 
the Brush Company. Fifty-five lamps were lighted under this 
contract at the rate of $7400 per annum. 

Another contract was made with the Brush Company for 1882, 
and also one with the United States Electric Illuminating Com- 
pany. The price paid by the city was 70 cents per lamp per night. 
or $255.50 per annum. This continued to be the price up to May 
1st, 1887, the number of lamps being increased each year. Thus, 
on the 31st of December, 1882, there were 128 electric arc lamps in 
use; in 1 884, 647 lamps ; in 1886,711 lamps, and in 1888, 1328 
lamps. 

Previous to 1887. the contracts were awarded to the two com- 
panies already mentioned ; but a number of new companies now 
entered the field, and the contract price in 1887 varied from 
I9^ths cents to 50 cents per lamp per night. The prices paid in 
1888 varied from 32 cents to 60 cents per lamp per night, the aver- 
age being 35i^ths cents. 

To arrive at the comparative cost of gas and electric light for 
street illumination we may take the years 1885 and 1888 — in the 
former the price being 70 cents per lamp per night, while in the 
latter it averaged 35^ths cents. 

The number of gas lamps replaced by each electric light will 
naturally be subject to some variation, but the average, based upon 
the introduction of a large number of electric lights, is 4^ gas 
lamps for each electric lamp. At the close of 1885 there were 
708 electric lamps in use, equivalent to 3186 gas lamps. The 
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cost of the electric lamps at II255.SO each, on the supposition that 
no reductions were made for extinguishments, would have been 
$180,894. The price paid for the gas lamps replaced was iJi/.SO 
each per annum, and if to this we add ;$i.6o for supplies, etc., we 
obtain jfiQ.io as the cost of each gas lamp, or ;$6o,852.6o for the 
total number of lamps replaced. The lighting by electric lamps, 
therefore, cost 1^120,041.40, or 66 per cent, more than would have 
been paid for the less brilliant illumination by gas. On the 31st 
of December, 1888, there were 1328 electric lamps in use, at the 
average price of ;f 128.48 per annum, or a total cost of 11170,62144. 
They replaced 5976 gas lamps, costing, with supplies, etc., $\^A^ 
each per year, or a total cost of $ 1 14,380.64. In this case, where the 
prices charged for both gas and electric lamps were about as low as 
we may expect to see them, — for the present at least, — the excess 
in cost of the electric lamps over the gas lamps was ;p56,240.8o, or 
about 33 per cent. It is therefore apparent that whatever may 
be the advantages of the electric light over the ordinary gas lamp 
for street illumination, we are obliged to pay liberally for these 
advantages ; and it becomes a question to what extent it is desir- 
able to replace gas lamps by the more intense but less reliable 
electric lamps at an increase of one-third in cost. 

As showing the demand for this greater illumination, it is in- 
teresting to note that in 1885 the Common Council passed various 
resolutions requesting the Gas Commission to light certain streets 
and avenues with the electric light. -The Superintendent of Lamps 
and Gas estimated that had it been possible to comply with these 
requests, it would have taken over 2000 lamps, costing 11526,840, 
and have replaced gas lamps costing $89,862.50, an excess in cost 
of the electric light over the gas lamps of $436,977.50 — more than 
one-half of the entire appropriation for public lighting. 

As regards comparative illumination, it is not necessary to say 
that the electric light is much superior to gas, — indeed, in New 
York the street lighting by gas is not what it ought to be. The 
first contract made with the New York Gas Light Company in 
1823 specified the burner to be used as one capable of passing 
3 feet of gas per hour ; and while repeated efforts have been made 
to increase the capacity of the burner to 4, 5, or 6 feet per hour, 
we are, in this respect, precisely where we were more than sixty 
years ago. And yet during this period the candle-power of the 
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gas supplied has been nearly doubled, so that to-day our street 
lamps give a light of from lo to i6 candles for 3 feet of gas. 

In the early days of electric lighting it was commonly said that 
the ordinary arc lamp gave a light of 2000 candles ; but such is 
not, and it never has been, the case. The arc lamp gives less light 
horizontally than in a downward direction ; and when these lamps 
were first put upon the market some one measured, or more prob- 
ably estimated, the intensity, in a horizontal direction, at 500 
candles, and then, to make a good showing, multiplied it by four, 
making the 2000 candles. While the 500 candles was pretty clever 
guessing, there was no good reason whatever for multiplying it by 
four any more than by three hundred and sixty. 

As the amount of light thrown upon the walk and roadway is 
of more importance than that emitted in a horizontal direction, the 
present city contracts with the electric light companies require 
that the lamps shall give a light of at least 1000 candles at an angle 
of 40° below the horizontal. Measurements which have been 
made of the lamps of some of the companies give from 1 300 to 
1500 candles. 

Of late an attempt has been made by one of the gas companies 
to introduce a large regenerative gas burner — the Gordon — for 
street illumination. It has been tried on parts of Fifth and Madi- 
son avenues, and Forty-ninth and Fiftieth streets, with very satis- 
factory results, and without expense to the city. An arrange- 
ment was made to light Lenox Avenue, from One-hundred and 
Tenth street to One-hundred and Twenty-ninth street, with seventy- 
five of these lamps during the month of December. The expense 
of this installation, however, which is II5.00 per lamp per month, 
will doubtless prevent its extension. 

The recent extinguishing of most of the electric lamps, and 
the consequent darkness on many of our thoroughfares, calls public 
attention especially to this subject of street lighting, and shows the 
importance of keeping the gas lamps in a condition for immediate 
use, certainly until the electric light has become more thoroughly 
domesticated. 
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IRRIGATION ENGINEERING. 

BY H. M. WILSON. 

Irrigation engineering, as it is being developed and practiced 
to-day, is receiving a great impetus and making rapid strides in 
this country as a separate branch of civil engineering. 

This development in irrigation practice is owing to several 
causes, foremost among which is the fact that all of our available 
humid lands are rapidly being settled and cultivated, and that the 
smaller streams traversing the arid region have been utilized by indi- 
viduals or small communities, and are now nearly all appropriated. 
Because of this latter fact, irrigation as it has been practiced in 
the past, when each farmer was his own irrigation engineer, is rap- 
idly becoming an impossibility, and in order to render more of 
our arid lands habitable we must now seek other sources of water- 
supply than the small streams. 

This increase of water-supply may be obtained by diverting the 
large rivers, and taking their waters by great canals to the vast 
areas of cultivable lands, which are generally found on the inter- 
fluves or benches separating the principal water-courses, and by 
increasing the volumes of the smaller streams during the irrigat- 
ing or growing season by storing the waste and flood waters which 
are lost during the remainder of the year. 

Another and greater impetus recently given to the scientific ad- 
vancement of irrigation engineering is the present agitation and 
investigation of the subject by the Government through the United 
States Geological Survey, and by the Senate Committee on Irri- 
gation, which, under the chairmanship of Senator William M. 
Stewart, of Nevada, made an extensive trip throughout the arid 
West investigating the irrigation question. 

This committee, accompanied by the director of the United 
States Geological Survey, Major J. W. Powell, spent three months 
stopping at and holding business sessions in all of the important 
irrigation centres west of the looth or Powell meridian, and, 
though it was generally assumed that they were on a crusade for 
information, I am of the opinion that the many able " talks " given 
by Senator Stewart, Major Powell, and others of the party, im- 
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parted even more information to the western irrigators than was 
received in exchange. 

The method of the development of the irrigation resources of 
the West on a broad and scientific basis will be shown later. The 
necessity for irrigation there may be briefly stated. 

It has been said by Majbr Powell, in his " Arid Lands of the 
West *' that an annual precipitation of less than 20 to 24 inches 
renders the artificial application of water to crops a necessity if 
agricultural pursuits are to be carried on safely and profitably. 
While irrigation is an absolute necessity with less than 20 inches 
of precipitation, it may be also employed profitably as a safeguard 
against occasional droughts, or as an insurance on the crops even 
when the amount of precipitation is much greater, and again in 
countries such as India and in some portions of the Pacific slope, 
where the annual precipitation may be 40 inches or more, falling, 
however, mostly during the non-growing season, and so of no 
practical value in agricultural pursuits. 

In all of the United States west of the Powell meridian the 
annual precipitation is below 20 inches, with the exception of a 
small mountain area near San Diego, California, and along the 
Pacific coast north of San Francisco. 

Between the 97th and looth meridian the precipitation ranges 
from 20 to 28 inches per annum ; this is called the sub-humid 
region, where, though irrigation is not always necessary, yet the 
years when the crops may be destroyed by droughts are so frequent 
that irrigation should be practiced as a precaution. 

It has been estimated that two-fifths of the entire area of the 
United States require irrigation in order to raise crops. In this 
and region there are many millions of acres of the finest agricul- 
tural land only needing water to produce from two to four crops 
of hay per year, and from thirty to fifty bushels of grain, while 
the quality and quantity of the more valuable fruits, especially 
the semi-tropic varieties which thrive in the arid regions because 
of the higher temperature there, surpass anything possible in the 
humid eastern States. 

There the rain&Il is great, as and we depend on it alone to water 
our crops, we may some years lose everything, owing to an excep- 
tionally dry season. Everybody has heard the feirmers of the 
eastern States complain of the dryness of a season, and how his 
crops are being parched, and will not yield half what they should. 
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Again, in such seasons as the past, an equal amount of damage 
may be done by unusually severe storms which beat down and 
destroy the tender plants, or spoil a hay or grain crop just at 
harvest time. 

In the arid West all of this is avoided, and the crops receive by 
artificial application the proper amount of water each year, and, 
being at the same time fertilized by its salts and sediments, the 
same land will produce the same crops without rotation for an 
indefinite period of years in succession. 

The irrigation engineer must understand many widely different 
problems. It is not only necessary that he should be familiar with 
the details of construction, and should be able to decide in each 
case whether an earth dam is preferable to one of masonry, or a 
canal shall cross a side stream or torrent, or the torrent be carried 
over the canal. He must also have such an understanding of the 
topography of the region under discussion as to know where to 
look for a water-supply for the land to be irrigated, where sites 
for storage reservoirs may be sought, the areas and slopes of the 
various drainage or catchment basins, in order to determine the 
amount and percentage of the rainfall which will reach the stream, 
and how long it will be in flowing ofT. He must be able to super- 
vise stream gaugings, and have a proper knowledge of the annual 
precipitation, evaporation, and seepage through various soils under 
the climatic conditions encountered, know the duty of water in 
those soils, and, above all, should know the relative values of 
various agricultural crops, in order to determine whether these 
crops will pay a fair interest on the capital to be invested in the 
various works contemplated. 

In the extensive investigations being now undertaken by the 
engineers of the United States Geological Survey the first requisite 
is a complete and thorough topographic map of the entire arid 
West. Such a map is now being constructed, at a scale of two 
miles to one inch, with lOO-foot vertical contour intervals in the 
more mountainous localities, and in 20-foot contours in the more 
level places and on the broad valley and bench lands. 

Having this map, the engineer is at once able by a mere inspec- 
tion of it to determine certain important fects, negatively, such as 
where it will be unnecessary to look for irrigable lands, as indicated 
by slopes too steep and abrupt, or too high above any neighboring 
streams to admit of cultivation or irrigation. Where reservoir 
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sites need not be looked for, and what streams need not be exam- 
ined with a view to taking canals from them. 

Having determined these factors, the personal investigation of 
the field, which he will have to make in order to study the country 
in more detail, and by a reconnoissance choose possible reservoir 
and canal sites, will be reduced very greatly, perhaps, at least, to 
one- tenth of the whole area. Having chosen provisionally various 
reservoir and canal sites, again the reconnoissance work of finding 
whether the slopes and differences of elevation are such that the 
waters may be conducted to the points desired will be greatly 
facilitated by an intelligent study of these contour maps. 

Further, they will enable the engineer to measure with accuracy 
the areas of the catchment basins, and, above all, to form a fair 
notion of the percentage of " run off" from the slopes of these 
basins, as indicated by the contours of their sides, hills, etc. 

In addition to showing the topography by contour lines, the 
drainage and the more permanent features of culture, such as 
roads, railroads and towns, these maps also show the land sub- 
division of the country into townships and sections, from which 
the engineer may determine the location of the various irrigable 
lands and reservoir sites which he desires to segregate. 

These maps have been constructed with considerable care and 
detail, the primary control being a geodetic triangulation carried 
on between stations varying from ten to twenty-five miles apart, 
and from this the secondary and tertiary triangulation brings the 
locations down to points averaging but a fourth of a mile apart. 
The details of the topography are worked up by means of trav- 
erses run everywhere, and checked by reference to the trian- 
gulation points. These traverses are made by plane table and 
odometer, and the vertical element, both of the triangulation and 
the traverse lines, is determined by means of vertical angles. 

Having a correct topographic map of the arid West, such as will 
soon be completed over the entire country, there remain several 
important factors still to be ascertained, and these are now being 
determined by the Irrigation Division of the Geological Survey, 
and will in a few years be at the disposal of engineers and irri- 
gators everywhere. 

The volumes of flow in various important and typical streams 
are being measured, and several gauging stations have been estab- 
lished in each State and Territory in the West. 
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In the case of small rivers and creeks, the hydrographer measures 
the cross section of the stream in some place where its channel is 
as uniform in width, profile and slope, as possible, and where it 
has no large rocks or boulders in it, and stretching a string across 
the channel measures at fixed intervals the depth of the stream, 
thus obtaining its cross section. He then by means of a current 
meter determines the velocities of each interval df this cross sec- 
tion, and from these factors determines the volume in cubic feet 
per second of the stream for that height. An inclined gauge rod 
is set up and read twice a day by an observer, and on occasions 
of change in the height of the stream other velocities are deter- 
mined by the meter for these different depths. 

Large rivers are very difficult and expensive to gauge ; wire 
cables must be permanently stretched across them and the hydro- 
grapher works from a raft or boat attached to this cable ; in the case 
of great rivers still other devices must be employed. 

The volume of a stream may be determined by more approxi- 
mate methods, such as timing a series of floats, or getting the 
grade of the stream by means of levelling and applying Kutter's 
formula or constructing rating flumes, and measuring the discharge 
in miners' inches. 

An important element in the duty of a stream or reservoir, ;>., 
the number of acres which it will irrigate, is the amount of evapora- 
tion. In some portions of the United States, notably in southern 
California and in Arizona, the total annual evaporation is from 6 
to 7 feet. That is, the surface of the water in a reservoir will be 
lowered between 6 and 7 feet per annum by evaporation alone. In 
other localities, as the higher mountain ranges and in Montana 
and Wyoming, this loss by evaporation is but 3 J^ to 4^ feet per 
annum. It is evident that the loss from this source in both reser- 
voirs and long canals is very considerable, and careful experiments 
ranging over a period of years will be necessary in each locality to 
determine it even approximately. 

The usual method of measuring evaporation is to construct a 
pan of galvanized iron, 3 feet square and 9 inches deep, which is 
floated on pontoons in a large body of water ; the tank is then filled 
with water to within about an inch of its top, and so floated that its 
rim will stand a couple of inches above the lake or canal in which 
It is immersed, so that waves will neither splash into or out of it. 
Then the loss by evaporation is measured daily by means of an 
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inclined scale, while notes should be made of the force of wind, 
temperature of water, etc. 

Still another important factor to be determined is seepage ; the 
amount of water which will be lost by percolation through various 
soils from a canal or reservoir. This is by no means as insignifi- 
cant a factor as may at first appear, since the loss from canals by 
evaporation and percolation combined is sometimes as high as 
even 35 per cent, of the amount entering at the headgates, depend- 
ing upon the length of the canal, the soil, and the climate. 

Seepage is best determined by means of actual measurements 
made on different canals, a given length of canal being taken and 
the volume flowing past one end of it measured. This volume is 
again measured at the other end of the section, and due allowance 
having been made for evaporation, the loss by seepage can be 
determined with comparative accuracy. In this connection it is 
well to mention that of the water which is lost by seepage, both 
from the canals and by percolation in the soils of the field irri- 
gated, a considerable per cent, returns to the streams lower down 
and may be used over again. 

From experiments conducted by one of the engineers of the 
United States Geological Survey, Mr. E. S. Nettleton, ex-State 
Engineer of Colorado, during the past year on the Cache le Pondre 
Creek in Colorado, it appears that in one case the quantity of the 
water used in irrigating which was returned again to that stream 
lower down amounted to nearly 80 per cent. This seems to be an 
abnormal amount, and may have been due partly to a natural 
underground supply to the stream from springs. 

The annual amount of precipitation in each locality must be 
ascertained ; this can largely be obtained from the records of the 
United States Signal Service, but it will be necessary to establish 
a few special stations in some localities where no observations have 
been taken, and especially in the higher mountains where the pre- 
cipitation is much greater. 

For this purpose the usual form of rain-gauge is employed ; this 
consists essentially of three parts, the collector, the receiver, and the 
overflow catchment. The collector is funnel-shaped, and is 8 inches 
in diameter at the top. The receiver is really the lower prolonga- 
tion of the collector, cylindrical, 20 inches deep and 2.53 inches in 
diameter; these fit into the overflow catchment, which is 23^ 
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inches deep and 6 inches in diameter. A measuring rod graduated 
to inches and tenths accompanies each gauge. 

Snowfall is conveniently measured by taking up a section of 
snow of known dimensions from a level place, melting it, and 
measuring the amount of water obtained. 

Knowing now the amount of water flowing per annum through 
a given stream, obtained by gauging, the area of the catchment 
basin of that stream by measurement from the topographic map, 
the slopes of the catchment, with perhaps other physical character- 
istics, and finally, the total annual precipitation in the basin, it be- 
comes then a mere matter of calculation to determine what per- 
centage of this rainfall flows off in the stream. Having determined 
this quantity for the entire drainage basin of a large stream, it is 
not improbable that the run- off of any of its minor branches 
can be determined with a reasonable degree of accuracy, by 
multiplying its catchment basin by this percentage, making due 
allowance for the slopes of its sides and its other physical charac- 
teristics. 

In some places, in fact in most of the arid West, the streams, 
especially during times of floods, carry large quantities of sedi- 
ment in suspension. When these flood-waters are stored in reser- 
voirs they will, in a relatively short period of time, fill the reser- 
voir with the sediment deposited. There is, at present, only one 
.satisfactory method known for obviating this, and that is to con- 
struct above the storage reservoir a cheap settling reservoir, by 
means of a low dam ; when this becomes filled with sediment, the 
dam must either be built higher or another one constructed else- 
where. Cheap and numerous shallow reservoirs can be formed 
much more readily and plentifully than the deeper storage reser- 
voirs. 

The amount of sediment carried in suspension is much less than 
is generally supposed. A series of experiments were conducted 
on the Rio Grande at El Paso, Texas, early in 1889, by Major 
Anson Mills, U.S.A., for the United States Geological Survey. 
The water during the whole period of time, when the river was at 
a moderate flood height, was very thick and heavy, almost viscous, 
yet, from 180 specimens collected at different times during the high 
water, the average amount of sediment in suspension was found to 
be only one-third of one per cent. This appears to be very low, 
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however; much greater percentages of sediment are doubtless car- 
ried in times of high floods. 

Sediment can best be measured by collecting specimens of water 
at different depths, and filtering a known weight of it through 
pure paper, the weight oif which is known. This is then dried 
thoroughly in an evaporating pan, and the amount of residue 
weighed. 

By far the most difficult and important factor to be obtained is 
the " duty of water." By this is meant the amount of land which 
a given quantity of water will irrigate, or as it is generally ex- 
pressed, the number of acres which can be irrigated per cubic foot 
per second of flow. 

This is an extremely variable quantity, and depends upon the 
aridity of the atmosphere, the soil, and above all on the crop irri- 
gated. Accordingly, it differs everywhere, and in the same place 
it changes with the crop and with the season. It is also very diffi- 
cult to determine experimentally. It may be obtained directly by 
measuring the amount of water which the irrigator applies to a 
given number of acres. This again, however, varies with the 
wastefulness or the care of the irrigator. Numerous attempts have 
been made to determine the duty of water in both Europe and in 
India. In this country, experiments have been made, principally 
in California and Colorado. From these it appears that for the 
ordinary hay, grain, vegetable and fruit crops cultivated in Colo- 
rado, the duty of water is from 60 to 70 acres per cubic foot per 
second, flowing through the entire irrigating, measured at the point 
of application. 

In California, this duty is very variable, depending largely on the 
value or scarcity of water and the mode of application. Ap- 
plied to alfalfa and cereals in the San Joaquin Valley, California, 
water does a duty varying from 80 to 150 acres per second 
foot. In Los Angeles County, California, and vicinity, where valu-r 
able fruit crops are chiefly irrigated, water does a much higher 
duty — from 250 to 300 acres per second foot. In these cases, the 
canals are often lined with cement, or the water carried in flumes, 
to prevent great loss by seepage in transit to the fields ; though 
this, of course, does not affect the duty, since that is estimated 
from the amount of water at the point of application. 

In a few cases fruit trees have been irrigated by porous pipes 
laid underground to their roots, and in one such instance the 
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water is stated to have done a duty of from looo to 1500 acres 
per second foot. 

In Utah the duty probably does not exceed 60 to 70 acres; 
while in Montana it probably reaches on hay and cereals from 80 
to ICO acres per second foot. 

In Italy and Spain the duty averages for the various crops from 
80 to 170 second feet, while in India it reaches from 150 to 250 
acres. 

The engineer must examine the soil in the land to be irrigated, 
and have a sufficient knowledge of the values of the various soils 
in the production of crops to form some idea as to the kinds and 
quality of product to be expected. He must also be able to ap- 
preciate what effect the porosity of sandy, or the density of clayey, 
soils will have on seepage, duty, etc. 

The soils best adapted for irrigation are those of a light and 
porous nature, such as sandy and gravelly soils. Clayey soils are 
not much benefited by irrigation, particularly because of their 
liability to become heavy and choked with water, and to bake on 
the surface when dried. These heavy soils must be under-drained 
to be successfully irrigated. 

The lands which admit of most easy irrigation are the low lying 
lands near streams from which water can be most readily brought 
to them , but the best situation is the higher and more sloping 
lands, as their soil is usually more porous and warmer and admits 
of better drainage. 

There are several methods of irrigation, but the manner of apply- 
ing the water to the crops is more a detail for the consideration 
of the farmer than the engineer. Still, since the latter should 
be thoroughly conversant with these methods I will briefly men- 
tion them. 

Mr. Wm. H. Hall, ex-state eng^'neer of California states that 
" the manner in which the soil to be cultivated is called upon to 
receive the water to the greatest extent, should be taken as the 
distinguishing mark of a particular process of irrigation ;** accord- 
ingly he classifies the various methods of irrigation as follows : 

First. Flooding, which is irrigation by filtration from a sheet 
of water, downward through the surface layer of soil. 

Second. Ditching, or irrigation by lateral percolation through 
the soil to be cultivated, from a supply adjacent, but not super- 
imposed. 
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Third. Sub-irrigation, by absorption from a sub-surface supply, 
such as porous pipes. 

Fourth. Pipe or hose irrigation, by absorption of drops of water 
sprinkled on the surface of the ground. 

Among the first may be mentioned bed-work and catch-work 
irrigation, practiced in England, and described fully by Mr. John 
Scott ; and the check system practiced in California. 

Ditching is practiced in irrigating gardens and vegetables, grains 
and fruits, by leading open ditches and furrows carrying water 
among the plants and trees. 

Sub-irrigation has been practiced in California by leading com- 
mon drain-pipes or else especially constructed pipes among the 
plants to be irrigated. These pipes are buried in the ground and 
are either porous, or perforated near the roots of the trees to be 
irrigated. 

Surface sprinkling is of course chiefly practiced on a small scale 
with hose or watering-pot. 

Some provision for draining the irrigated lands must eventually 
be made. This is particularly true of heavy or clayey soils which 
do not permit the water to enter them readily, in consequence of 
which the evaporation from the surface is so great that eventually 
a deposit of salts or alkali is left on the surface and destroys the 
crops. One of the faults of sub-irrigation is that the water rising 
from below leaves these salts on top, whereas, had the water been 
run down from above it would have washed the salts down with it 
In some low-lying localities which have been irrigated for several 
years, the ground has become so soaked with water which has 
now risen to very near the surface, that fevers and other forms of 
sickness have resulted, and drainage has become a necessity in 
order to render these regions habitable. Though drainage may 
not be necessary in most places for several years, it will in the 
end have to be practiced hand-in-hand with irrigation nearly every- 
where. 

The detailed surveys for canals involves careful field work in 
staking out the line, especially in leveling, to allow the proper 
grade or fall per mile. This latter is a variable quantity depending 
on the material of the inner surface of the canal, on the amount of 
sediment carried in suspension which would be deposited if the ve- 
locity were too low, and especially on the cross section of the canal. 
The judgment of the engineer must decide on the proper grade 
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for each case; however, for small ditches, say less than lo feet in 
width and carrying little matter in suspension, the fall may vary 
from 2 to 3 feet per mile. In large canals it will be between i and 
2 feet per mile. In very great canals, such as some which have 
been built in India, it may be as low as .75 of a foot, or even less. 
A velocity of from 3 to 5 feet per second, according to the soil, 
will be nearly right. The current must not be so swift as to cut 
the banks, nor still so slow as to deposit sediment. 

The location surveys require careful cross-sectioning from which 
to compute volumes to be excavated or filled ; occasional prospect 
holes or borings in the case of deep canals, to determine whether 
earth or rock excavation is to be estimated for ; and the location 
of flumes, aqueducts, tunnels, etc., must be determined upon. 
There may be side streams or even rivers to be passed, calling 
for extensive fills and aqueducts to carry the canal over them. 
The stream may be carried over the canal, or it may be emptied into 
the canal, calling for rock work or masonry in its construction at 
that point in order .to withstand the eroding action of the side 
stream. Roads, bridges and other public structures must be esti- 
mated and provided for. 

In the surveys for the reservoirs, after the height of the dam has 
been decided upon from such considerations as the amount of land 
available for irrigation, of water available for storage, the relative 
values of the land and of water for its irrigation, and the fact that 
the cost of construction of dams increases very rapidly with their 
height, nearly as the fourth power. Above all, the necessity for 
and location of a waste weir, a contour map of the basin to be 
flooded must be constructed with a sufficient degree of detail to 
enable an estimate of the contents of the reservoir to be made for 
varying depths of water. 

Engineers are beginning to make use of the acre foot as the unit 
of measure of large bodies of water; that is, the amount of water 
which will cover one acre of surface to one foot in depth, or 43,560 
cubic feet. 

Surveys of the dam site must be made With sufficient detail to 
afford an exact cross-section of it, with borings to show the depths 
of soil and rock excavation to be made to reach a staple and impe- 
rious foundation. Provision must be made for a waste weir, which 
must be sufficiently wide, not only to carry off" ordinary floods, but 
the greatest flood which would appear probable both from tradition 
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and a careful study of the area, slopes, and greatest rainfall of the 
catchment basin. Notes must be taken of the proximity of the 
materials to be employed in the construction of both dam and 
canal. The methods of construction, whether of ashlar or rubble 
masonry, earth or crib work, all call for special investigation, and 
are subjects which are too technical to be further dwelt on here. 

Finally, having made a careful study of the values of the various 
agricultural products which may be cultivated, knowing the vol- 
ume and duty of water available, and the cost of constructing the 
irrigating works, an estimate of the cost and maintenance of these 
works can be made, from which may be determined the cost per 
acre of furnishing water, or the value of a water right in perpetuity. 

This recital of the duties required of an irrigation engineer would 
be very imperfect if I closed it without referring to the legal 
knowledge required of him. In addition to the general knowl- 
edge of common law, which every civil engineer must possess in 
order to be able to cope with the many trivial legal questions 
which he encounters, the irrigation engineer is confronted with a 
very different and far more complex problem, for irrigation law is 
as yet in its infancy, and it is not sufficient that the engineer should 
know what has been enacted, as many new questions are present- 
ing themselves daily which call for legislation in their settlement^ 
and he must be able to suggest and direct the enactment of this 
legislation, since the problems involved are both engineering and 
legal ones. 

The old English Common Law, which we inherit, was made for 
a country where water is more abundant than land. Accordingly 
its ownership was scarcely considered, and those settling on run- 
ning streams became possessed of riparian rights which could not 
be infringed by outsiders. In our arid West, on the contrary, land 
is more abundant than water, and if the ownership of the land 
carried with it the possession of the water running through it the 
degree of settlement possible would be very limited. Under these 
latter conditions there should be no riparian rights. 

Colorado and the States recently admitted to the Union have 
been fortunate in stating in their constitutions that the waters of 
the State are the property of the people, and giving to any one 
who first appropriates the water a prior right to the extent of his 
appropriation. 

In all of the States the laws on irrigation are so illy devised and 
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incomplete that they signally fail to attain the objects for which 
they were enacted. The time has come when some comprehensive 
and intelligent system of irrigation laws must be enacted, and it 
will rest largely with the engineers to devise and suggest them. 
These laws must be so framed that they will recognize the right 
of eminent domain of the United States ; the right of the State to 
control the use of its own non-navigable waters ; and the claims 
of the settlers upon arid lands. 



THE PUBLIC HEALTH ACT OF 1885. 

BY ARTHUR HOLLICK, PH.B. 

Chapter 270 of the laws of 1885, entitled "An Act for the 
preservation of the public health and the registration of vital sta- 
tistics,'* and amended by Chapters 146 and 309 of the laws of 
1888, in effect consolidated all previous legislation in regard to 
the duties and powers of boards of health, and is now in* opera- 
tion throughout the State of New York, except in the iities of 
New York, Buffalo, Albany, Yonkers, and Brooklyn, in- which 
cities special provision was made for boards of health in their re- 
spective charters. 

The primary object of the law was to provide every part of the 
State with officials whose duty it should be to have jurisdiction 
over all matters concerning the public health. Under the law, in 
all incorporated cities (except as above mentioned) the board of 
health is appointed by the mayor and common council. In all 
incorporated villages the appointment is made by the trustees of 
the village, and in every township the supervisor, town clerk, jus- 
tices of the peace and one citizen at large, chosen by them, con- 
stitute the board of health. Thus it will be seen that provision is 
made for every part of the State, urban or suburban, and as the 
law is mandatory there is no valid reason why any locality should 
lack a properly constituted board of health, and as these local 
boards are subject to the State Board the entire health service of 
the State is knitted into one comprehensive whole, with, a central 
office for advice and direction. 
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Amongst the duties which the law expressly enjoins upon 
boards of health are : " To guard against the introduction of con- 
tagious and infectious disease. . . . To receive and examine into 
the nature of complaints made by any of the inhabitants, concern- 
ing nuisances, or causes of danger or injury to life and health. . . . 
To supervise and make complete the registration of all births, 
marriages and deaths. ... To make, and from time to time to 
publish, in such manner as to secure early and full publicity 
thereto, all such orders and regulations as they shall think neces- 
sary and proper for the preservation of life and health and the 
successful operation of this law ; and to make, without publication 
thereof, such orders and regulations in special or individual 
cases. . . ." They are also empowered to issue subpoenas and 
warrants, administer oaths, compel witnesses to testify under oath, 
impose penalties, etc., and "To employ all such persons as shall 
be necessary to enable them to carry into effect the orders and 
regulations they shall have adopted and the powers vested in them 
by this Act, and to fix their compensation." Refusal to obey any 
order or regulation of a board of health is a misdemeanor, punish- 
able by fine and imprisonment, and in case of neglect or refusal 
to obey any order the board, through its employees, may enter 
upon the premises described in such order and summarily abate 
any nuisance found to exist. And further, the expense of such action 
shall be a charge upon the occupant or owner, which may be sued 
for, with costs, and shall be a lien upon the premises until satisfied, 
or the premises maybe sold to satisfy such lien. Finally, § 5 pro- 
vides that "All expenses incurred by the several boards of health 
in the execution and pe formance of the duties imposed by this 
Act shall be a charge only in their respective cities, villages and 
towns ; and shall be audited, levied, collected and paid in the same 
manner as other city, village and town charges are audited, levied, 
collected and paid.'* 

From the above brief abstract it will be readily understood that 
the law is very comprehensive. But in addition to what is ex- 
pressed there is much that is implied which it has taken the 
higher courts to interpret and decide upon, and in nearly every 
instance the law has been found to be even more sweeping in its 
application than was at first supposed, giving powers that are, in- 
deed, practically autocratic, and an experience of some four years 
as a member of the Board of Health of the village of New Brighton 
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has convinced me that there are many points relating to the duties^ 
and powers of boards of health in regard to which the public are 
not only in ignorance but are often misinformed, and also that 
while the law in general works admirably, yet there are some 
matters of detail which practical experience has shown to be 
capable of improvement. 

I am informed by Englishmen that the powers delegated to 
boards of health in this country are a constant source of surprise 
to them — powers which they say would not be tolerated in their 
country, where they have been taught to believe that ** a man's 
house is his castle." In fact, it is doubtful if such powers would 
be willingly delegated under any but a free government, where 
oppressive or unjust laws may be readily amended or abolished. 
Indeed, as soon as the full scope of the law began to be appreciated 
in this State the plea was made that many of its provisions were 
unconstitutional. Thus it has happened that boards of health 
have found it. in their judgment, necessary or advisable to destroy 
property, or to prohibit the use of it, if such use is dangerous to 
life or detrimental to the public health. In such cases it has been 
claimed that private property was taken for public use without 
compensation, and was therefore unconstitutional. This claim 
arose under the assumption that property so destroyed or rendered 
useless was proceeded against under the right of** eminent domain," 
in the same manner that private land is often taken for a public 
street, for instance. This assumption is, however, an error. The 
powers of a board of health are derived from the general police 
power of the legislature, and property destroyed under such cir- 
cumstances is not a taking of private property for public use 
within the meaning of the Constitution. In fact, in cases of dire 
necessity, property may be destroyed without compensation to the 
owner, and even without the formality of any legal investigation.* 

Again, it has been claimed that many of the rules, regulations 
or orders of boards of health often deprived persons of property 



* Exercise ok the Police Power.— Stone vs. Mayor of New York, 25 Wen- 
dell, 157 ; Russell vs. Mayor of New York, 2 Dcnio, 485 ; Clark vs. Mayor of Syra- 
cuse, 13 Barbour, 35; Hill vs. Thompson, 48 Superior G>urt, 481; Weil vs. Schuhz, 
33 How. Pr., 7; Struve vs, Druge, 70 N. Y., 530; Phelps vs. Racey, 60 N. Y., 14 
Ch. J. Church ; Vanderbilt vs. Adams, 7 Cowen, 348 ; Wynehamer vs. The People, 
13 N Y., 451 ; Metropolitan Board of Excise vs. Barrie, 34 N. Y., 666. For a full 
discussion of the police power of the legislature, see Cooley's Constitutional Limita- 
tions, pages 572-596. 
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without due process of law. But much of the " due process of 
law " is not necessarily judicial process, nor does it necessarily in- 
volve the right of jury trial. In all cases where the public health 
or life are concerned, the properly-conducted proceedings of boards 
of health constitute that due process of law of which the Consti- 
tution speaks.* 

The next error which people generally make is in respect to the 
question of nuisance or no nuisance. Frequently, after a certain 
matter has been declared a public nuisance by a board of health, 
and the same has been ordered abated, parties will attempt to prove, 
often by mere negative evidence, that no nuisance exists. The 
question of nuisance or no nuisance is always a question of fact, 
in regard to which individual opinions will differ, but the judg- 
ments of boards of health will not be disturbed unless they clearly 
exceed their authority. Their decisions cannot be questioned col- 
laterally, and the exercise of discretion by them in matters within 
their jurisdiction is not reviewable. Furthermore, the records of 
their proceedings, in regard to the existence of a nuisance, may be 
held as prima facia evidence of the existence of such nuisance. 
Nuisances have been defined many times by the courts, as in the 
following : " It is enough to create a public nuisance that the en- 
joyment of life is made uncomfortable." *' Property, or the use of 
it in a public place, which endangers the safety, the health or the 
comfort of the people, is a public nuisance," etc. The question 
of nuisance is one of jurisdiction, and all presumptions are in favor 
of the board of health. The determination by boards of health 
in regard to questions of discretion and judgment in the ^jischarge 
of their duties, is in the nature of a judicial decision and is conclu- 
sive. It is not to be impeached or set aside for error or mistake 
of judgment, nor to be reviewed in the light of new additional 
facts.f 

* Due Process of Law. — Hurtado w. California, 1 10 U. S., 537 ; Weimer vs, 
Banbury, 30 Mich., 201 ; *Blazier vs. Miller, 10 Hsu, 435 ; Wynehainer vs. The 
People, 18 N. Y., 378; Taylor vs. Porter, 4 Hill, 140; Green vs. James, 2 Curtis, 
(R. I.), 187 ; Underwood vs. Green, 3 Robertson, 86 Barbour. 

t Powers and Duties of Boards of Health. — Harts^j. Mayor of Albany, 3 
Paige Chan., 218; Gaines vs. City of Syracuse, 29 Hun, 105; Baker vs. City of Bos- 
ton, 12 Pick. (Mass.), 183; Mayor of Monroe vs. Gerspach, 13 Rep., 586; Wood on 
Nuisances, p. 73; Van Wormer vs. The Mayor, 15 Wendell, 262 ; Savage vs. Board 
of Health, 33 Barb., 344 ; Cooper vs. Schultz, 32 How. Pr., 107 ; City of Salem 
vs. Eastern Railroad Co., 98 Mass., 431 ; City of Salem vs. Eastern Railroad Co., 
tupra. 
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As regards the practical working of a local board of health, 
their first duty, after organizing, should be to prepare and publish 
a set of sanitary rules and ordinances These require careful study 
in order to be sure not only that they cover the local conditions, 
but that they are in accordance with the State law. The enforce- 
ment of these ordinances will be the next step, and then the tribu- 
lations of the board usually begin. Probably one of the first ob- 
stacles to be encountered will be in regard to the registration of 
vital statistics. The State law makes it obligatory on the parent 
or custodian of every child born to see that the birth is registered, 
and the groom, clergyman or magistrate who performs a marriage 
ceremony to see that the marriage is registered. In the case of a 
death there is nothing explicit as to who shall be responsible for 
the proper filing of the return. These provisions are the cause of 
considerable trouble and no small amount of complaint. The 
clergymen and magistrates say that it is not just for them to be held 
responsible for the marriage returns, while the physician is absolved 
from responsibility in the matter of birth and death returns, from 
which it may be inferred that if the clergymen and magistrates had 
drafted the law, the shoe might have been fitted to the other foot. 
In practice, however, the physician or midwife generally assumes 
the duty of reporting a birth in order to save their patient all 
trouble and anxiety, and the death returns are always filed by some 
one, as the law provides that no burial shall take place until such 
record has been filed and a burial or transit permit been obtained. 
The consequence is, the death returns are likely to be very nearly 
correct, jvhile the birth returns may be more or less incomplete. 
In regard to marriages, the person officiating usually attends to the 
proper filing of the return, but there are clergymen who do not make 
such returns. Now, boards of health are instructed, in all cases 
where a marriage ceremony has been performed and a return of the 
same not filed with them, to arrest the groom and proceed against 
him for misdemeanor. This remedy, however, especially in a small 
community, seems a very drastic one, and I take it that there are few 
boards which would not hesitate, especially in certain delicate cases, 
to exert their authority to this extent. The fact of the matter is, 
the mass of the people are not yet educated up to the point of ap- 
preciating, or even of understanding, the objects or utility of re- 
cording their vital statistics. I feel certain that when the people 
begin to understand that every such record of a birth, death or 
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marriage is prima facia evidence, in any court of the State, of the 
fact of such birth, death or marriage, they will see that it is a matter 
of great importance and interest not only to the community, but 
to the individual, as no person can tell when such a record may 
become of the greatest possible value to him. One thing is cer- 
tain, this portion of the law will be appreciated in the future, and 
as soon as its benefits begin to be felt, all opposition and indiffer- 
ence will cease, and the people will be as anxious and determined 
to see that their births, deaths and marriages are recorded, as they 
now are to see that transfers, deeds, mortgages, etc., are filed with 
the proper officials. 

There is also food for reflection in that section of the law which 
provides that if the records of vital statistics in any place in the 
State are not completely and well made, the State Board are author- 
ized : " . . to take control of the said records, and enforce the 
rules and regulations with reference thereto, and secure their com- 
pleteness and proper registration, . . . and to continue such control 
until the said local board of health shall satisfy the State Board 
of Health that they will actually make the said records and registry 
complete as required by law.'' And the expense of such a proceed- 
ing on the part of the State Board must be borne by the locality 
where such action has been found necessary. If, therefore, a local 
board should at any time find itself unable to perform its duties, 
on account of the prejudices or ignorance of the citizens, it would 
merely be necessary to declare or imply its inability to cope with 
the difficulty, and it seems hardly credible that any community 
would willingly allow the control of the matter to go out of their 
hands into the hands of strangers, even for a limited period ! 

In regard to complaints and the abatement of nuisances there will 
always be an endless variety of experience, and the greatest error 
will often be found to consist in the exercise of too much care. 
The powers of a board of health are so comprehensive and auto- 
cratic, that where the existence of a nuisance is once clearly 
established there need be no hesitation about abating it, sum- 
marily if necessary. In all ordinary cas^s the service of an order 
and subsequent proceedings before a justice of the peace, in case 
the order is not obeyed, will be all that is necessary. It may 
happen, however, that the moral effect of a successful suit at law 
may be of more value to a board of health and of more benefit to 
the community than the summary abatement of a nuisance. In 
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such a case a suit for an injunction, before the Supreme Court, if suc- 
cessfully carried out, has a most salutary and abiding effect. It 
frequently takes a pretty severe and costly lesson to inculcate 
correct ideas into certain people, especially into the man who 
knows his "rights." This man is legion, and the local board 
is sure to run afoul of him sooner or later, generally with the 
effect of so demolishing his " rights *' that he does not recognize 
them afterwards. I have in mind a water-course, which, for a 
generation at least, had been used as a sewer. Our board of health 
determined to make a clean sweep, and accordingly notified some 
forty people to disconnect or remove all drains or privies con- 
nected with or discharging into it. Some claimed vested rights 
by reason of long undisturbed use, others said there was no 
nuisance created, and yet others determined to kick on general 
principles. When it finally came to the question of obeying the 
order or going into court however, all but four or five complied. 
Of these latter, incomprehensible as it may seem, the principal 
offender was a public school, which, through its board of trustees, 
determined to fight the matter. Prominent lawyers in the com- 
munity told them that they had a perfect right to allow the con- 
tents of the school privies to flow into the water-course, only about 
lOO feet distant from the school, and this in face of the fact that 
there was a public sewer in the street with which they could make 
connection ! The following decision of the Presiding Justice, J. F. 
Barnard, will show how they fared in the Supreme Court : 

''First. The draining of the said privies into the said brook consti- 
tutes a public nuisance, detrimental to life and to public health 

" Second. That the plaintiff is entitled to the relief demanded in the 
complaint, and for an injunction forever restraining the defendants, 
their succe.ssors, servants and agents, and the servants and agents 
of their successors, from draining any privies, sewer-pipes and 
closets into the said brook, and from connecting any privies, closets 
or sewer-pipes with said brook, or with any pipes or drains leading 
into the said brook, and from violating in any way the said orders 
of the said Board. 

''Third. That the plaintiff is entitled to judgment for the said in- 
junction." (Board of Health of New Brighton vs, Casey, i8 State 
Reporter, 251.) 

It is needless to add that our board experiences but little trouble 
now in enforcing compliance with its orders. 
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There is not the slightest doubt that the law gives ample power 
for the abatement of all classes of nuisances, and there seems no 
valid reason or excuse for the existence of any nuisance within the 
jurisdiction of a well-organized board of health in this State, but 
there is something lacking in the power to anticipate and prevent 
dangers, and in this direction there is, undoubtedly, a chance for 
amendment. Some provision ought to be made for the regulation 
and supervision of plumbing and ventilation in new buildings, sim- 
ilar to the laws under which the New York City Board of Health 
now acts. A lawyer of my acquaintance, with whom I was lately 
discussing possible amendments to the law, said that the only 
amendment he would sanction would be such as were designed to 
curtail the present powers of boards of health. In my opinion this 
was a very ill-advised statement, for I have yet to hear of any 
manifest injustice having been done under the law, further than 
the ordinary fallibility of human nature can account for. All po- 
lice regulations are certain to interfere with the individual occa- 
sionally in an apparently harsh manner for the sake of the general 
welfare, but so far from diminishing I would favor increasing the 
powers. If this were done, I think an indirect benefit would ac- 
crue, for the people would be more careful in regard to the selec- 
tion of their boards of health, and would not be likely to delegate 
such powers to persons manifestly unfit to exercise them. 

Under the present law, local boards may adopt rules and regu- 
lations for plumbing and drainage of new buildings, but there is 
practically no method of enforcing compliance with them while 
the work is in progress. The board may be perfectly cognizant 
of the fact that an important public building is being plumbed or 
ventilated in a manner radically wrong, and yet be powerless to 
prevent its completion. Such a case has been under advisement 
by our board during the past year, but the disastrous effect which 
a public discussion would have upon the institution which it rep- 
resents, has thus far caused the matter to be kept very quiet, and 
personal solicitation has had to accomplish what the law should 
provide for. Boards of health should have the power to adopt 
rules and regulations for the plumbing, drainage and ventilation 
of all new buildings, and be able to call upon the courts for injunc- 
tions in any cases where such rules and regulations are being vio- 
lated. It should not be necessary to wait until a nuisance is caused 
and lives perhaps sacrificed. They should have the power to pre- 
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vent as well as cure, and I am convinced that the tendency of 
sanitary legislation is in that direction, as city after city has followed 
the example of New York, and the phenomenal success which has 
attended the enforcement of the law in that city should certainly 
hasten the engrafting of some such provision on our Public Health 
Act, in order that every community may have the privilege not 
only of protecting itself in the immediate present, but also of pro- 
viding for the health and comfort of the future. 



PATENT EQUIVALENTS. 

BY EMIL STAREK. 

With evolution of inventive genius there develop pari passu 
conceptions of new mechanical constructions, theories as to new 
modes of operation, ideas, contemplating the development of new 
relations, followed by alleged " improvements " in some particular 
direction within the domain of invention. 

Improvements are of two generic types: (i) those which are 
the result of inventive genius, and (2) those which are but the 
evolutions of a " skillful " mind in contra-distinction to, and irre- 
spective of, that genius the fruits of which it is the object of the 
patent laws to protect. According to Section 4886 of the Re- 
vised Statutes, which is to the effect that " any person who has in- 
vented or discovered any new and useful art, machine, manufacture 
or composition of matter, or any new and useful improvement 
thereof, not known or used by others in this country, and not pat- 
ented or described in any printed publication in this or any foreign 
country, before his invention or discovery thereof, and not in 
public use or on sale for more than two years prior to his appli- 
cation, unless the same is proved to have been abandoned, may, 
upon payment of fees required by law, and other due proceedings 
had, obtain a patent therefor," we find that the statutory classes of 
invention which are protected are any " art, machine, manufacture, 
and composition of matter." A consideration of these classes 
might well be preceded by a definition of each. An art is the 
use of means to produce a result; a machine is a contrivance >by 
means of which a force applied at one point is made to produce an 
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effect at some other point; a manufacture is that which is produced 
by either hand, machine or art; a composition of matter is a mix- 
ture of two or more ingredients. The above definitions though 
perhaps indicative of what the statute is intended to protect, are 
not sufficiently suggestive of the precise limits of protection to 
which each class is entitled under it, nor sufficiently explicit to 
differentiate between the statutory classes and ascertain what modi- 
fications, or improvements, may be made in each without making 
such modification or improvement the subject-matter for specific 
protection. It is clear that to protect every improvement falling 
within the conception of the human mind would be derogatory to 
the spirit of those laws which were enacted for purposes of pro- 
moting science and the useful arts. Within certain limits therefore, 
the elements of any organization, be the latter a mechanical con- 
struction or a co-ordinate series of abstract steps, are, under the pat- 
ent laws, considered the equivalents of each other for all practical 
purix)ses. As stated by Justice Grier, in McFall vs. Ramsey, 20 
How., p. 525, one cannot compel the human mind not to distin- 
guish between things that differ ; and as nullius simile est idem^ it 
follows that equivalents differ from each other. In process of 
differentiation we may perhaps, and very frequently do, in consid- 
ering questions of patentability, attach some importance to what 
might be termed an improvement of ^l first differential^ and which is 
regarded as sufficiently meritorious by both the Patent Office and 
the courts to receive proper protection ; but degrees of superiority 
felling under a second differential are invariably located outside the 
realm of invention, are accordingly considered the equivalent of 
that over which they were intended as an improvement, and fall 
outside the contemplation of Section 4886. In doubtful cases the 
benefit of the doubt is resolved in favor of the applicant, but only 
to be taken away when such a matter is disputed before a legisla- 
tive tribunal. Cases of this sort are numerous, and will be re- 
ferred to presently as serving to illustrate the point under con- 
sideration. 

It follows from what precedes, that equivalents cannot form the 
subject-matter of a patent, and " patentees are entitled in all cases 
to invoke to some extent the doctrine of equivalents to protect 
themselves against mere formal alterations or substitutions .... 
(Kent's Com., 13th ed., p. 366). To ascertain the scope of these 
" formal alterations or substitutions," it will be necessary to enlarge 
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somewhat on the definitions of the statutory classes above given, 
and then dissect each seriatim in order to form a clear conception 
of the subject-matter before us. " A machine is (as defined by 
Webster), in general, any body or assemblage of bodies used to 
transmit and modify force and motion, as a lever, pulley, wedge, 
screw, etc., especially a construction more or less complex con- 
sisting of a combination of moving parts or simple mechanical 
elements, as wheels, levers, cams, etc., with their supports and 
connecting framework calculated to receive force and motion from 
a prime mover or from another machine, and transmit, modify and 
apply them to the production of some desired mechanical eflfect 
or work, as weaving by a loom or the excitation of electricity 
by an electrical machine." Depending on the specific use to 
which a machine is put arise the terms apparatus, engine, steam- 
engine, etc. ; they are, however, all included under the generic 
term "machine." An art, as defined by the writer in a recent 
paper, is an operation represented by a series of individual 
operations or steps which are themselves independent of the 
machine by means of which they are carried out, and are in no 
wise expressive Qf the mechanical relations existing between the 
elements of said machine; it contemplates those intangible ele- 
ments whose legitimate combination constitutes a unit of co- 
ordinate functions, and which are wholly (or at least partially) 
abstract in character. A difficulty is presented in attempting to 
define what is a manufacture. In the American law it wholly ex- 
cludes a process or art; but the line between it and a machine 
cannot be made distinct in the mind, even if it exist in fact. 
Webster defines it as " anything made from raw material by the 
hand, by machinery, or by art." '. . . . It is therefore something 
subordinate to a machine or art, />., it is a product resulting from 
the treatment of raw material by either a machine or art. A com- 
position of matter includes compositions of various materials com- 
bined either mechanically, chemically, or both. 

The above definitions are, perhaps, sufficiently comprehensive 
to serve their intended purpose in our discussion. To avoid 
ambiguity, and that the technical terms used throughout may be 
en rapport with language commonly used in this branch of the 
law, we shall designate throughout this paper under the term 
** element," wherever the same is used in its technical sense, not 
only "the moving parts or simple mechanical elements" in a 
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machine, and " the series of individual operations or steps " in an 
art, but also the " various materials " constituting a composition of 
matter. 

It is in order to consider what change the organization of either 
a machine, art, manufacture, or composition can undergo without 
losing its patentable identity. Evidently it must be such an one 
the conception of which does not require the exercise of inventive 
genius. The circumstances under which a machine could be 
altered, whether such an alteration be considered an improvement 
or not, are (i) byan entire rearrangement of its essential elements, 
(2) by an omission of one or more of such elements, (3) by the 
addition of an entirely new element, and (4) by the substitution of 
one or more new elements. We have seen that the purpose of a 
machine is to " transmit and modify force and motion ;" trans- 
mission without modification can only be attributed to elements 
communicating such force and motion directly; modification 
necessarily implies the intervention of some element capable of 
resolving the force initially communicated thereto. • In a machine 
we usually have a combination of both classes of elements, each 
subserving its special function so that the machine becomes *' a 
union of mechanical elements involving such a co-ordination of 
individual functions as to constitute a common function. It is not 
difficult to conceive how a machine by an entire rearrangement of 
its essential elements may be converted into a totally new and 
distinct organization ; how, by an omission of one or more of such 
elements, its organization may undergo a radical modification ; 
how, by the addition of an entirely new element, a distinctly new 
function may be added thereto ; but it is not so obvious how a 
substitution of a new element may affect its identity. Now, every 
essential element of a machine has a certain duty to perform, in 
the combination of which it forms a part. (I have used the term 
** essential elements " or those contributing to the successful 
operation of the combination.) It is obvious that any other ele- 
ment which can perform the same or like duty of any for which 
it is substituted is an equivalent of such element replaced. The 
equivalent thus substituted may be superior by reason of other 
and distinct advantages it may possess, superiority carrying with 
it the essence of inventive genius and forming in some cases 
patentable subject-matter, by virtue of which it may perform new 
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functions, but insufficient to affect the specific duty it performed 
in relation to its co-operative elements. 

Viewing the constitution of any patentable combination as an 
entity capable of performing certain well-defined and unalterable 
functions, made manifest by the specific effects resulting from that 
consecutive communication of motion among the elements com- 
prising such combination, we may be aided in ascertaining what 
alterations we can make or what improvements we can substitute 
for one or more of these elements, whose duty it is to make mani- 
fest "the specific effects" above referred to. It must be conceded 
that no such thing as an abstract function can be attributed to any 
element. To perform a function which will be obvious to the 
senses, such element must have something tangible to operate 
upon. It matters not what that something is ; it may be another 
element of the same combination ; it may be an element belonging 
to a different combination ; it may be two adjacent elements of the 
same combination ; it may be an element of one combination, and 
one of another combination. The function or duty it performs 
will accordingly be determined by the relation it bears to its co- 
operative element, or by the mutual reaction of these elements 
upon each other. A priori^ on the principle that no two existing 
things are precisely alike, reason would dictate that no two ele- 
ments can give rise to the same or identical interrelation ; but 
this is ,only true (patentably) sub modo. Some latitude must be 
given to the various and different degrees of conception as to 
what constitutes a difference between existing things, and it is this 
difference to which the doctrine of equivalents applies at the limit 
of which the determination of questions of .patentability come up 
for consideration, and from which limit it is the duty of the judicial 
mind to differentiate such questions — a task, indeed, sometimes 
exceedingly difficult. In many instances, two things will for all 
practical purposes be equally subservient. A wooden jug would 
for ordinary occasions answer the purpose of holding water as 
well as an earthen jug. A substitution of one for the other in such 
a case would require no exercise of invention, and they would be 
the equivalents of each other for that specific purpose ; but it is 
obvious that for holding sulphuric acid a wooden jug would be 
out of the question. Why ? A reaction between the wood and 
the acid would set in which the former could not resist ; a wooden 
plug might be equally as efficient as a rubber one for stopping the 
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leakage of a water-tank, but neither would suffice for stopping 
the tap-hole of a blast furnace. 

The examples just chosen illustrate, in a simple form, one ele- 
ment of the doctrine of equivalents. They were chosen to illus- 
trate a point to be arrived at presently. Substitution of one device 
for another has for its object, we may assume, a contemplated im- 
provement over that for which the substitution is made ; the thing 
substituted may be one well known, but only known as existing 
in other relations and subserving a totally different purpose. Again, 
the thing substituted may be one newly created and devised for 
that specific purpose. However, the latter fact cannot be material 
to the consideration of whether the newly-deVised object does or 
does not peform the same function as that for which it is substi- 
tuted; the question of novelty is wholly distinct from the question 
of function. In the examples above I have dealt with the substi- 
tution of a wooden jug for an earthen jug for purposes of con- 
fining a liquid having no perceptible action on the material of which 
the jugs are composed ; but I have proceeded on the assumption 
that both jugs were old. Suppose, however, that an enterprising 
inventor conceived that paper would be a cheap substitute for wood, 
and accordingly proceeds to manufacture paper jugs. Has he in- 
vented anything? The answer to a question like this must be 
looked for under decisions of the Supreme Court, which has estab- 
lished a precedent in cases presenting a like question as the one 
I have just submitted. In Hicks vs. Kelsey, 18 Wall., 670, Hicks 
obtained a patent for a " wagon reach," the usual construction of 
which has a curve made of wood or wood strengthened by iron 
straps. The patentee left out the wood in the curve, substituted 
iron straps, and fastened them with iron bolts, thus making a curve 
that was all iron. The defendant pleaded no invention and non- 
infringement. It must be conceded that the iron reach possessed 
many advantages over the wooden one. It was lighter, lasted 
longer, was easier to manufacture, etc. ; and although the construc- 
tion of the same differed slightly from the old curve, the function 
it performed by reason of such changes was not altered, and added 
no virtue to the elements of the vehicle co-operating with it, and 
the additional advantages which it possessed were due to what the 
court considered purely mechanical skill. Its conclusion in the 
' matter was summed up in the following language: "The mere 
change in an instrument or machine of one material into another — 
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as of wood, or of wood strengthened with iron into iron alone — 
is not * invention ' in the sense of the Patent Acts, and therefore 
is not the subject of a patent ; the purpose and means of accom- 
plishment and form and mode of operation of each instrument — 
the new as well as the old — being each and all the same. The 
mere fact that the new instrument is a better one than the old one, 
requiring less repair and having greater solidity than the old one, 
does not alter the case. It does not bring the case out of the 
category of more or less excellence of construction." 

Again, in Hotchkiss vs. Greenwood, 1 1 How., p. 248 : " It ap- 
pears that a patent was granted to Hotchkiss for a new and useful 
improvement in making door and other knobs, of all kinds of clay 
used in pottery and of porcelain, by having the cavity in which the 
screw or shank is inserted by which they are fastened largest at 
the bottom of its depth, in form of a dovetail, and a screw formed 
therein by pouring metal in a fused state/' One of the reasons 
submitted by the defendants was that " a patent for the substitu- 
tion of one material for another, without any combination, or any 
new mode or process of manufacturing the article, cannot be sus- 
tained," p. 263. It appears from the evidence that " the knob was 
(is) not new, nor the metallic shank and spindle, nor the dovetail 
form of the cavity in the knob, nor the means by which the 
metallic shank is securely fastened .... and the only thing new 
is the substitution of a knob of a different material from that here- 
tofore used in connection with this arrangement," p. 265. The 
same reasoning which defeated the validity of the Kelsey patent 
was applied in this case and with like results. The principle of 
substitution is clearly stated in Smith vs, Nichols, 21 Wall., p. 112, 
and referred to by the court in Putnam vs. Yarrington, 9 O. G., 
689, in the following language : ** The mere carrying forward of an 
original conception patented, — a new and more extended applica- 
tion of it, — involving change only of form, proportions or degrees, 
the substitution of equivalents, doing the same thing as the original 
invention, by substantially the same means with better effects, is 
not such invention as will sustain a patent. It is the invention of 
what is new, and not the arrival at comparative superiority or 
greater excellence in that which was already known, which the 
law protects as exclusive property, and which it secures by 
patent." 

It will be observed that the element which mainly presented 
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itself for consideration in the cases above cited was that of supe- 
riority of material, and the question at issue was whether or not 
there was invention in substituting one material for another. For 
our purpose, however, the cases are fully illustrative of the prin- 
ciple that no patentable difference obtains between existing things 
unless such difference falls within the limits of that " differential " 
of improvement which I have termed " the first." Beyond that 
limit the patent law does not attach sufficient importance thereto, 
since to protect an improvement of less value would be falling 
beneath the dignity of its purpose. Accordingly, the knob of the 
Hotchkiss patent presented no patentable difference over knobs 
then existing, and in the eye of the patent law was looked upon as 
a full equivalent, subserving that specific function which is common 
to all door knobs. 

Let us, however, strip the question of equivalents of the element 
of material, and confine ourselves solely to the element of con- 
struction. The same principle of the law as above stated prevails. 
From a statement in a preceding paragraph a machine representing 
a patentable combination can be regarded as an entity capable of 
performing certain defined and unalterable functions resulting from 
the specific disposition of the elements. We can, of course, con- 
ceive (i) of such a modification of this entity that the latter will 
not be susceptible of identification, but such a modification would 
practically amount to a reorganization of its constituent elements. 
It is plain that an entity so reorganized would not be the equiva- 
lent of the original. We can conceive (2) of the omission of an 
essential element from the original, therebydisorganizing the same, 
and establishing totally new relations between the elements re- 
maining. We can conceive (3) of the addition of a new element 
which will so alter the old organization as to materially change its 
original function. Neither of these latter organizations would be 
the equivalents of the original, but we may lastly conceive of such 
an alteration in the original constitution of the combination as will 
neither change the original entity nor so change the relation be- 
tween existing elements as to affect the specific co-ordination 
between them, or materially affect the function of the machine as 
an entirety. Such a condition is in order for our consideration. 

Inasmuch as the relations existing between the elements of any 
machine or patentable combination are constant, or if variable, 
only so within certain well-defined limits, it follows that the crite- 
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rion of the materiality involved in the substitution of one element 
for another is the change produced in the co-ordination of func- 
tion between the remaining elements as it existed prior to such 
substitution, for it is the change of co-ordination which constitutes 
the vital element in the determination of whether the substituted 
element is an equivalent or not, and so long as the co-ordination 
of function between existing elements resulting from specific inter- 
relation remains unaltered, just so long will the substitution of a 
new element cease to bring about any new relation between such 
elements — a state of things interpreting a condition of equivalence 
in the new element. In Potter vs. Braunsdorf, 7 Blatch., 97, which 
was in Regard to infringement of letters patent reissued to John 
Bachelder, December 12, 1865, for an improvement in sewing 
machines, the following came up for consideration. The invention 
covered by the improvement consisted in the combination of** me- 
chanisms for supporting the cloth^ holding it, and moving it past 
the needle with a regular intermittent action with each other, and 
with the sewing mechanism and other essential parts of the sew- 
ing machine. The leading members of these combinations are 
First ^ a device which advances the material regularly and horizon- 
tally by an intermittent motion, over and upon the horizontally 
holding-surface through which the needle acts, and over and upon 
the supporting-bed by which the material is supported, and delivers 
it automatically, without requiring the sewing to be stopped for 
the purpose of attaching fresh portions of the material to the feed- 
ing instrument. This advancing device is hereinafter termed a 
perpetual feed. Second^ a holding-surface, upon which the mate- 
rial immediately about the needle rests, and is borne up horizon- 
tally under the thrust of the needle. Thirds a receiving plate, so 
arranged with reference to the feed as to receive and support the 
material in its passage from the feed. Fourth^ a yielding pres- 
sure-holder, which rests upon the upper surface of the material, 
near the needle, and adapts itself to the varieties in the thickness 
of the material, and holds it to the supporting-bed. Fifth, a sup- 
porting-bed, provided with a throat for the passage of the needle. 

This supporting-bed includes as one of its parts, the 

** holding-surface." Upon the supporting-bed the ma- 
terial to be sewed rests, and is supported against the force of 
gravity, the horizontality of this bed enabling it to support the 
material while it is in the machine The device, termed 
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the perpetual feed, takes hold of and moves forward the material 
horizontally and regularly, by an intermittent motion, upon and 
over the horizontally supporting-bed upon which the material 
rests, and under the yielding pressure-holder, and delivers it upon 
the receiving-plate, which is placed behind the feed to receive it, 
taking hold of a fresh portion of the material, and delivering an 
equal portion at each stitch. This feed thus takes hold of the 
material, moves it forward upon the horizontal supporting-bed 
• over the horizontally holding-surface, and delivers it perpetually 
upon the receiving-plate . . . /* p. 100. " The perpetual feed con- 
sists of a belt of leather, supported by and running around three 
or any other suitable number of cylinders, and having a series of 
points fixed in and projecting from its upper surface, near the 
needle, at such distances apart as occasion may require," p. 102. 
In the defendant's machine, called the ^Etna, '* the perpetual feed- 
ing device is a short cylinder, arranged upon a horizontal axis, 
and caused to move intermittently. This cylinder is so arranged 
that the cloth lies horizontally upon it, and is partially supported 
by it. The cylinder is immediately in front of the needle, and of 
the horizontal holding-surface, and causes the material to be fed 
perpetually, .... and delivers the cloth .... upon the receiving- 
plate. The cylinder is provided with a roughened surface instead 
of pins. In all particulars respecting its construction, arrange- 
ment and mode of operation, except in regard to such pins, it is 
identical with the perpetual feeding device of Bachelder. B)' 
reason of its having a roughened surface, instead of pins, seams of 
any desired curvature can be sewn upon the machine, and the op- 
erator is relieved from the necessity of impaling the cloth upon the 
pins, or so directing the cloth that the pins will, in their revolution, 
enter it. In this respect the ^Etna is a great improvement [and, 
indeed, one carrying the essence of inventive genius, and involving 
patentable subject-matter] upon Bachelder's ; but, nevertheless, it 
introduces Bachelder's invention, .... The working-surface of the 
feeding-cylinder, that portion of the tables which constitutes a re- 
ceiving-plate, and the horizontal holding-surface have, in the ^Etna 
machine, the same relative arrangement, and co-operate in support- 
ing the cloth horizontally in the same way as the same parts in the 
Bachelder machine. The fact that there are in the iEtna machine 
additional parts which support the cloth, does not alter the charac^ 
ter or mode of operation of any or all of the other parts. There is,. 
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in the iEtna machine, a yielding pressure-holder, consisting of a 
curved foot pressed by a spring, so as to bear upon the cloth. 
Though differing /^^«^//v in construction from the pressure-holder 
in Bachelder's machine, it is combined in the same way with the sur- 
face of the perpetual feeding device^ and has the same mode of opera- 
tion. It is free to rise and fall, and is the equivalent of Bachelder*s 
roller. The fact that, in addition to performing the same duties as 
Bachelder's roller, it also acts as a needle-stripper does not make 
it any the less the equivalent of Bachelder's rollers in respect to 
the duties performed in common by both. The iEtna machine has 
an eye-pointed needle, reciprocating in substantially a vertical 
plane, and combined with the other parts of the machine in the 
same way that the eye-pointed needle in Bachelder*s machine is 
combined with the corresponding parts of that machine. The 
^tna machine has also a reciprocating needle- carrier, identical 
with the one in Bachelder^s machine, and performing the same op- 
eration in combination with the parts with which it is combined." 
pp. 1 06. 107. 

It will be observed that the decision reached by the learned 
judge in this case is in full accord with the principles abstractly 
stated in the former part of the present paper ; the materiality of 
formal changes in the elements of the combination were considered ; 
the duty performed by these same elements was considered ; the co- 
ordination of function of the co-operative parts was considered, as 
also the general results attending such co-operation. Indeed, the 
essential conditions of an equivalent are quite conspicuous in the 
example here chosen to illustrate the general doctrine. 

In Blake vs. Robertson, Robertson vs. Blake, 94 U. S., 732, the 
doctrine of equivalents, though seemingly abnormally strained, was 
however still applied in accordance with the principle governing the 
substitution of equivalents. The Blake ore-crusher consisted of 
two upright con verging jaws, one of which receives a reciprocating 
movement by means of a toggle joint, and an intermediate connect- 
ing link moved up and down by an eccentric connecting with the 
main revolving shaft, worked by steam-power. In the appellant's 
machine a revolving shaft ** works the plunger of the pump, from 
which the water is conveyed to a cylinder behind the movable jaw, 
whence it is applied to that jaw by means of a ram, the ram taking the 
place of the piston in an ordinary engine." The court said : " What 
is so employed in the appellant's machine is the obvious and exact 
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equivalent of what is so dispensed with in the Blake machine/' viz., 
the vibrating arm, the toggle, the toggle joint and the pintals. " It 
is difficult to resist the conclusion that the change had no motive or 
purpose but evasion/* Without a careful mechanical analysis of the 
connection between the shaft and jaws in the two devices, the fact 
that the element of equivalence pervades the two would be wholly 
lost sight of. The column of water in appellant's machine acts as a 
rigid body while under compression, and when the pressure is re- 
moved therefrom, it correspondingly relieves the pressure from the 
ram operating the jaw. The eccentric of Blake is mechanically a 
crank, and this, through the instrumentality of the pending arm and 
toggle joint, forms a rigid connection betweert the shaft and jaws on 
the up-stroke of the eccentric, and in the down-stroke the pressure 
on the toggle is relieved and the jaw falls. Again, it is to be ob- 
served that (as shown mathematically), the pressure exerted by 
the toggle may become infinite, a condition also to be attained by 
a fluid which is practically incompressible, such as water; but there 
is nothing in the decision which indicates that any such reasoning 
was applied to establish the fact of equivalence between the devices 
submitted to the court The principle involved in the determina- 
tion, however, is the one I have above set forth, since the mechan- 
ical relation between the jaws and main revolving shaft remains 
unaffected, a condition insured by the similarity of operation of 
the toggle, links and movable arm on the one hand, and the piston, 
water column and ram pn the other. 

Having briefly disposed of the subject of equivalents in relation 
to mechanical constructions (the rules of which are equally appli- 
cable to manufactures), it now remains to consider the same in con- 
nection with process or art and composition of matter, the two re- 
maining statutory classes of invention, and these in the order men- 
tioned. We have seen that an art deals with abstract intangible 
elements whose legitimate combination constitutes a unit of co- 
ordinate functions. The abstract character of the elements, how- 
ever, does not contribute to them any strange qualities by virtue 
of which they can evade the principle of equivalents as applied to 
mechanical constructions; for a process is an organization, an 
entity, like a mechanical combination, and the essence of its legiti- 
mate existence lies in the co-operative relation existing among its 
elements. Perhaps, however, the principle has not so extensive an 
application with a process, since the elements of the latter cannot 
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as frequently be represented by equivalent abstract elements. From 
the analogy which exists between the constitution of a process and 
a mechanical combination, it follows that principles analogous to 
those governing the doctrine of equivalents as applied to the latter 
class would govern the doctrine in its application to the former 
class. Now, the elements of a legitimate process are as mutually 
dependent upon one another as are the corresponding elements of 
a legitimate mechanical combination, />., there is mutual co-opera- 
tion, each element qualifying every other, but being of an intangible 
nature a process is more difficult to deal with. Every step or ele- 
ment thereof implies an act either active or passive. To substitute 
an equivalent for an active step may not be easy, but to substitute 
an equivalent for a passive step or act is certainly difficult. The 
substitution when made, however, must be such as not to affect the 
co-ordination existing between the remaining steps or elements. 
" Precisely what constitutes equivalency as between acts has never 
been decided or stated by the Supreme Court." (Walker on Patents, 
Ed. 1886, p. 241;.) An analysis of one or two cases will lead us 
to a conclusion which will accord with a principle enunciated above. 
In the case of Mowry vs, Whitney, 14 Wall, p. 620, 1871, the 
patent covered a process of treating car wheels as they came from 
the molds hot, introducing the same into a furnace previously 
heated to a temperature corresponding nearly to that of the wheels 
as they came out from the molds ; then reheating the wheels (in 
such furnace), and finally slowly cooling the same. The infringing 
process contemplated covering such wheels as they came from the 
mold with charcoal, in a furnace not previously heated, then burn- 
ing the charcoal whereby in its combustion these wheels were re- 
heated, and, finally, by an adjustment of the draft, and consequent 
gradual consumption of the coal, the temperature fell, thus allow- 
ing the wheels to cool slowly. The steps in the two processes 
which appear radically different are the step which comtemplates 
introduction of the wheels into a heated furnace on the one hand, 
and the step which introduces the same wheels between layers of 
charcoal on the other. Generically expressed, the steps may be said 
to contemplate protecting the heated wheels from any influence 
which will reduce their temperature suddenly, or, in other words, 
maintaining said wheels as they come solid from the mold at the 
temperature which they then had (or as near thereto as practicable 
to avoid the evil effects of sudden contraction). A subsequent 
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treatment of reheating followed in both cases. Now, in the one 
case, this temperature was maintained by protecting the wheel in 
an atmosphere previously heated to a temperature corresponding to 
that of the wheels, and in the other casethe temperature was main- 
tained by protecting the same wheels with a covering of a material 
igniting in contact with said wheels. In both cases, however, the 
condition of the wheels is the same, viz., they retain the heat units 
imparted to them in the molds. Analysis of the two processes 
shows that the generic element of maintaining the original temper- 
ature of the wheels is the same in both. The subsequent steps of 
reheating and final cooling is followed in both cases. The same unit 
of co-ordinate functions is involved in both processes, the co-ordi- 
nation between the last two steps remaining unaffected. It follows, 
therefore, that the first step of the infringing process is a full equiva- 
lent of that of the process infringed. 

In Roberts vs. Roter, 5 Fish., p. 295, Robert's method of explod- 
ing torpedoes in oil wells was distinguished from all others by the 
use of a fluid tamping in deep wells of small calibre, the intended 
effect of which was to give a lateral direction to the force of the 
explosive. The court said that ** it is not the use of water dis- 
tinctively, but water as a fluid merely, that is contemplated by the 
patentee," and that " benzine, or any other substance possessing 
the fluid property of water, is within the scope of the patent, and 
is a manifest equivalent** 

From what precedes we can deduce at least one point of differ- 
ence between a concrete equivalent and an abstract or intangible 
one. A mechanical combination deals with elements of substance^ 
and whether an element of a mechanical combination is generic or 
specific^ any element which can be substituted therefor and perform 
the same function in substantially the same way is an equivalent 
of that element. In a process, however, where the elements are 
abstract, the latter find their equivalents (almost) invariably in the 
specific presentations of any genus. An abstract step can have no 
meaning unless we associate with it the condition of the body 
which has become the subject-matter for treatment under such 
step. This condition may be physical or chemical, depending on 
whether such step contemplated a physical or chemical change in 
the material treated ; but as the changes which substances undergo 
are due to conditions flowing from natural laws^ and as the latter 
are distinguished only by their effects upon matter, resulting in 
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differences which preclude such effects from being included under 
one generic class, there being no effect common to them aH, it 
follows that only when such differences are the manifestations of a 
law operating under specific conditions, that an equivalent of an 
abstract step can be looked for. In other words, we must look 
for equivalents under specific presentations of such law, since nat- 
ural laws generally produce generic differences in their effects on 
the subject-matter with which they have to deal. To illustrate, 
in a mechanical combination a spring may become the full equiva- 
lent of a weighty a construction generically different. In the case 
above cited, the step of reheating the car wheels could have no 
equivalent except reheating, but the specific method of Mowry had 
its equivalent in the specific method of Whitney. So also in Rob- 
erts vs. Roter, fluid tamping was common to both cases, but the 
specific method of water-tamping in one case found its equivalent 
in benzine-tamping in the other. 

With respect to equivalents in compositions of matter, the same 
general principles govern. It is obvious, e.g.^ that a paint vehicle 
composed of silicate of potassium is a full equivalent of a vehicle 
of silicate of sodium ; that an oxidizing agent in a fuel compound 
in the shape of a nitrate may be a full equivalent of an oxidizing 
agent, composed of an easily decomposed chlorate ; each subserves 
the function of furnishing oxygen for purposes of oxidation. Again, 
though a constituent in the shape of a carbonate of lime in a paint, 
the vehicle of which is soluble glass, may be a full«equivalent of 
one in the sfiape of air-slacked lime, it is evident that the carbonate 
of lime as a constituent in a paint, the vehicle of which is linseed 
oil, is not the equivalent of air-slacked lime in the same relation, 
since the air-slacked lime would have a tendency toward saponifi- 
cation with the oil to the extent of the hydrate of lime present 
therein, resulting in a clarification of the combined product, which 
clarification would be impossible with pure carbonate. In every 
case, therefore, it is the duty an element performs which determines 
its function ; and unless two elements perform the same function 
in substantially the same way, thereby leaving unaffected the co- 
ordination existing between the remaining elements, they lack the 
leading prerequisite which entitles them to the office of equiva- 
lents. 

The present subject can hardly be dismissed without considering 
the conditions under which and extent to which the doctrine of 
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equivalents can be invoked. An invention or discovery, which is 
the conception of an idea absolutely new, is a primary invention, 
and is so by virtue of features it possesses that are not in common 
with anything existing. Such an invention or discovery, there- 
fore, serves as a generic type for all subsequent modifications or 
species thereof. The species may possess advantages by virtue 
of their specific construction or modification, modification involv- 
ing patentable subject-matter, but in so far as such species possess 
features common to the generic conception, just so far they serve 
the functions of equivalents, and to that extent are not patentable. 
The extent, therefore, to which the doctrine can be invoked will 
depend on whether the invention is primary (generic) or secondary 
(specific) ; if primary or generic, then the patentee is entitled under 
such genus to all specific forms which he at the time of the inven- 
tion regarded, or which the law may subsequently regard, as the 
equivalent of the species illustrating his original genus. To the 
genus, of course, he is indisputably entitled, since that contains 
the essence of his primary conception. Specific forms may subse- 
quently be patented ; but the protection will extend only to those 
features which are new, and perform functions and possessing ad- 
vantages additional to those possessed by any species falling within 
the scope of the patentee's invention. The inventor who discov- 
ered that aniline-black could be produced by subjecting the hydro- 
chloride of aniline to the action of oxidizing agents, was entitled 
to all oxidizing agents which he considered could be used for the 
purpose, or to which the law would subsequently attribute a like 
function, and thus regard as full equivalents. Chromic acid, ^.^., 
would be the equivalent of permanganate of potash, or cupric 
chlorate, or any salt which parts easily with its oxygen. He who 
has discovered the method of transmitting speech to a distance by 
subjecting a closed electric current to variations or changes of in- 
tensity corresponding or analogous to the changes of density in 
air occasioned by the undulatory motion given it by the human 
voice in speaking, by the vibration or motion of a body capable of 
inductive action, is entitled to such method, whatever be the nature 
of the apparatus by which the method is carried out ; but others 
would be protected in their rights to apparatus different from or 
superior to that of the original discoverer, since under the inven- 
tor's claim he is only entitled to the generic method and specific 
apparatus described. Being a pioneer in the art, he can invoke 
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the doctrine of equivalents relatively to his generic conception of 
such art and his specific apparatus ; subsequent inventors can in- 
voke the same doctrine only in connection with their specific forms 
of apparatus. However, inasmuch as a claim for one specific form 
of apparatus is an implied exclusion of all other species, and inas- 
much as the species of any generic conception may be more or less 
numerous, according to the scope of the inventor, it is obvious 
that the doctrine of equivalents finds most frequent application 
in connection with specific devices, a conclusion which fully ac- 
cords with the principle that a change in that which is already 
specific, unless amounting to more than a colorable variation, is, 
for practical purposes, its full equivalent. 

There are many collateral questions arising from the considera- 
tion of the present subject, but as they do not lie within the scope 
of the present paper, they are not here referred to. 



THE THIES PROCESS OF BARREL CHLORINATION. 

BY T. EGLESTON, PH.D. 

The pyrites containing gold resulting from the concentration of 
free milling gold-ores is usually treated by Plattner's process, 
which was introduced into Grass Valley, California, in 1858, by 
Mr. G. F. Deetken, and has been successfully practiced there from 
that time. Various modifications of it have, from time to time, 
been suggested. Mears proposed to use chlorine gas under press- 
ure of 30 to 40 pounds to the square inch, made in a generator 
outside of the barrel and pumped into it or produced inside the 
barrel by the use of a great excess of chemicals ; and while it was 
found that more gold was dissolved, the gain was more than com- 
pensated for by the expense of the machinery, the great cost of 
repairs, the trouble caused by the leakage of the gas and con- 
sequent loss of the chlorine and inconvenience to the men. 
Davis proposed to precipitate the gold with charcoal, but no 
special advantage resulted from it. The precipitation is slow, and 
the difficulty of burning such bulky material in a muffle and treat- 
ing the ashes before melting into a bullion, caused its abandon- 
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ment. Mr. A. Thies, by whose advice the process was introduced 
at the Phoenix and Haile mines in North Caroh'na, and the Bunker 
Hill mines in Amador City, California, having been in charge of 
the Mears process for more than four years, found that he could 
work without pressure- pumps just as well as with them, as all the 
pressure necessary for the solution of the gold could be generated 
within the barrel just as well and much cheaper than by costly 
machinery, and after making a long series of experiments, leaving 
out of the Mears process all but the barrel, and having modified 
that so that there were no joints liable to leakage, in feet, so that 
there was nothing but the bare lead-lined iron cylinder left of it, 
perfected the process which is now known as the barrel process, 
but should be really known as the Thies process, which has been 
introduced at the Bunker Hill mine in Amador City, California, 
and at the Phoenix and Haile mines in North Carolina, where it 
has been working for several years very successfully. 

Through the courtesy of Mr. A. B. Crocker, superintendent of 
the Bunker Hill mine, I had an opportunity to sfudy this extremely 
interesting process at that mine. The details relating to the Haile 
and Phoenix mines have been forwarded to me by Mr. Thies. 
The Bunker Hill mine was located in 1882. It is situated ij^ 
miles north of Amador City. The vein dips at an angle of 75°, and 
varies from 3 to 25 feet in width. It has two inclined shafts, one of 
which is 800 feet long on the incline and 683 feet deep from the 
surface in a vertical line. The south shaft is 400 feet long on the 
incline and 345 feet vertically from the surface. The two shafts 
are 360 feet apart. The hanging is diorite and the foot slate. 
The ore is quartz and black slate, with 2 per cent, of sulphurets, 
and is worth $^ to $6 to the ton. It is crushed in Hendy's modi- 
fication of the Blake's crusher, which is run by a 4-foot Knight's 
wheel under a pressure of 260 feet of water. The mill is run by a 
6-foot Knight's wheel under a pressure of 270 feet. There is also 
a steam-engine to use in case of failure of the water. The mill 
has 40 stamps. The ore comes from the mine by a tramway, and 
is dumped on to grizzlies, and falls from there to a Hendy's rock- 
breaker, 9 inches by 16, which does all the crushing. The move- 
ment is transmitted by iron arms from one end of the breaker to 
the other. The stamps weigh 850 pounds, the stem is 350, 
the shoe 150, the boss 225. The tappit is of steel, and 
weighs I ID. The stamps make 92 drops of 6^ inches, and each 
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one crushes 2^ tons in twenty-four hours. The order of the 
drop is I, 5, 2, 4, 3. The screens are No. 8, and are one-fourth 
of an inch angle slot, and last twenty days. The ore is amalgamated 
in the battery, and the splash-plate is arranged in such a way that 
the pulp falls on to an amalgamated plate inclined away from the 
mortar at an angle of about 45°, then drops to another one inclined 
towards it and then falls to the apron. This makes a fall from the 
screen to the first plate, and from the first to the second, and from 
the second to the sluice. The result of the constant impact is that 
little or no gold is found beyond these plates. The battery lip 
has two plates 8 inches long and 6 feet wide. The apron is 3 feet 
6 inches long and 4 feet wide. It has a grade of i >^ inches to 
the foot. It ends in a single sluice, 14 inches wide and 12 feet 
long, with a single silver-plated copper plate. This ends in a pointed 
box for each sluice. 90 per cent, of the gold is found on the splash- 
boards 5 to 7 per cent, in the battery, and the rest on the plates. 
From the sluice the tails run on to Frues, which make 220 strokes. 
From the Frues the tails run on to duck sluices, of which there are 
50, 22 inches wide and 16 feet long, exactly resembling the Strakes 
of the Keystone mill. The pulp from this Strake concentration is 
treated in pans with wooden shoes. The water used in the milling 
and on the concentrators is 8 miner's inches under a 4-inch head. 
The cost of milling is 60 cents. The number of men in the mill is 5 
and in the mine 70. Both miners and mill-men are paid ^2.75. 
The cost of water for milling is ;Ji .60, and for power 1^18.40, per day. 
The Bunker Hill and Phoenix works formerly used the Mears 
process, but were forced to abandon it because the cost of repairs 
was too great and it was found to be impossible to keep the 
chlorine from leaking, and the men refused to work when they 
were exposed to such corrosive fumes. There seems to be no 
doubt that the use of chlorine under very high pressure acts effi- 
ciently, and since its abandonment the tails are higher, but the differ- 
ence is not enough to pay for the extra trouble and expense. This 
seems, for the most part, to be owing to the use of dry ore and 
dry gas, no water having been previously used, but the whole dif- 
ference is not more than $2 per ton, which it seems impracticable 
to save on account of the difficulty of keeping the chlorine from 
leaking. All of the Mears process has therefore been abandoned, 
and as now conducted it does not bear much relation to the original 
process. 



Digitized by VjOOQIC 



THIES PROCESS OF BARREL CHLORINATION, 141 

The concentrates at Bunker Hill are 2 per cent, of the ore, and 
contain a trace of arsenic, antimony and lead. Their average 
value is ^60 to the ton. They are roasted with i per cent, 
of salt in a reverberatory furnace with a revolving hearth at 
the fire-place end. It is 40 feet long and 12 feet wide on the 
outside, with walls 18 inches thick. The stationary hearth is 7 
feet wide, 18 feet long and 24 inches high, and has two working 
doors, one on each side of the furnace. They are 8x16* inches. At 
the end of the stationary hearth there is a drop of 6 to 7 inches. 
The ore then falls on to a horizontal revolving hearth 12 feet in 
diameter, with a discharge-hole in the centre. This part of the 
furnace is made of an iron shell lined with fire-brick. It is 24 
inches high to the crown of the roof, and 18 inches to the spring 
of the arch. The working door is 3 feet above the floor of the 
roasting house. The bridge is 9 inches below the arch, and the 
grate-bars 18 inches below that, so that the fire-place and com- 
bustion-chamber together are 27 inches deep. This furnace is 
too small for any large output. The hearth revolves, by means of 
gear-wheels beneath it, at the rate of one turn per minute. The 
work consists in turning the concentrates over and bringing them 
from the centre to the circumference, and pushing them from the 
circumference to the centre. When finished, the charge is shoved 
from the centre, through the hollow axis of the hearth, into the 
cub below, and from there the roasted ore is removed by scrapers 
attached to the bottom of the pan and loaded into iron cars and 
carried in them to the cooling-floor. There are, in the furnace, 
three batches of 1 100 pounds of ore. One is on the end of the 
hearth nearest the flue drying, the others being roasted. The 
charges are moved every eight hours. The same charge re- 
mains only three hours on the revolving hearth. To ascer- 
tain whether the roasting has been sufficiently prolonged to 
decompose all the sulphates, a small quantity of the hot charge is 
thrown into water, and a bright iron rod thrust into it. If there is 
any undecomposed sulphate, the rod will be acted on ; if not, the 
charge is ready for the barrel. The capacity of the furnace is 2 
tons in twenty-four hours. 0.25 per cent, of sulphur remains in 
the pre after roasting. It requires one-eighth of a cord of wood, 
at $6 per cord, to the ton. At the Haile mine, in North Carolina, 
a double reverberatory furnace is used; they have just erected a 
Spence furnace to roast the concentrates. 
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The cooling-floor is of brick, and is on the same level as the 
charging-hole of the chlorinating barrel. The charge is generally 
made hot, but not sufficiently so to be burning to the hand. It is 
weighed and charged in iron wagons. The barrel charging-floor 
is of wood, in the centre of which is a hole 2 feet in diameter, into 
which an iron hopper fits. The barrel is on the floor below, and 
has a man-hole 12 inches in diameter, which is turned up under- 
neath this hbpper. The barrel is of cast-iron or sometimes it is 
made of boiler plate, and is lined on the inside with lead, usually 
weighing 10 or 12 pounds to the square foot. All the joints are 
burned together when the lead is first put in. The lead used is 
one-quarter of an inch thick, and weighs 12 pounds to the square 
foot. After five years of use at the Phoenix mine, this lining shows 
no appreciable wear. The barrel is 4 feet in diameter outside and 
40 inches inside, and 6 feet long outside and 54 inches inside. The 
heads are made of cast-iron with the trunnions cast on them, and 
are fitted to flanges on the body ; these are fitted with tight and 
loose pulleys. The lining must be well put in and with great care. 
It is fastened at once by bolts to the outside, as it has been found 
very difficult, when repairs are required, to burn lead on which 
chlorine has acted. There were formerly in the barrel, on the 
bottom, partitions of lead 2 to 3 inches high, which make the 
charge rise and fall out as the barrel revolves, instead of simply 
rotating around on the bottom. This has been found to compli- 
cate the construction of the barrel unnecessarily and has been 
abandoned without any perceptible change in the work. When 
the chlorinating barrel is turned up, 135 to 140 gallons of water 
are introduced from a wooden barrel at the side of the hopper 
by a pipe. The exact quantity of water is ascertained by marks 
on the inside of the barrel, and as soon as empty it is filled ag^in 
to be ready for the next charge. The water must be in sufficient 
quantity to allow the pulp to flow easily, but it must not 
be too thin. One ton of roasted sulphurets is now added 
through the funnel, it having been previously thoroughly mixed 
with 25 to 30 pounds of dry chloride of lime, which is the ordi- 
nary bleaching powder of commerce. This amount has been fixed 
on as the best, as it has been found that with a charge of 40 
pounds no better results were obtained. When, as in some cases 
in North Carolina, the ore contains copper, more bleaching pow- 
der has to be used. The water is added first, because if the dry 
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ore was added and then the water the barrel would be more than 
full, as the two would not mix, but the ore falls through the 
water, so that the barrel is filled up to 8 or 9 inches of the man- 
hole. What remains on its sides is then washed off the funnel 
with a little water. Thirty pounds of sulphuric acid at 66° B. are 
added after the rest of the charge is made. An excess of acid 
must always be used, so as to be sure to convert all the lime 
which remains on the hopper, into sulphate, and the funnel washed 
free of acid, and then it is removed. In North Carolina the water 
is put in first, then the ore, and then the acid. The charge which 
answers best at the Phoenix mine, where the ore contains copper, 
is 40 of bleaching powder and 50 of commercial sulphuric acid. 
At the Haile mine, where the pyrites is free from copper, the 
charge is 10 pounds of bleaching powder and 15 pounds of acid. 
Half of each is used at the commencement, and after three hours 
rotation the rest. The rotation is continued until free chlorine is 
present. When the charge is in, a rubber is placed over the man- 
hole, and an iron plate over this, which is screwed down tight with 
a long lever as quickly as possible to prevent the escape of any 
chlorine from the barrel. The barrel is revolved at the rate of 1 2 
revolutions a minute for four hours. At first the whole charge of 
chemicals was made at one time. This was found not to work 
advantageously and now the charge is divided. Two charges are 
always made in a day. In North Carolina half the quantity re- 
quired to generate the chlorine is introduced at first, and the rest 
at the end of half the time of rotation, and the process continued. 
The time of the rotation of the barrel is from 4 to 8 hours, de- 
pending on circumstances. When an examination shows free 
chlorine present the operation is finished. It will not do to trust 
to pressure alone to determine the presence of chlorine in excess, 
for other gases are given off as well as chlorine, which would give 
a false indication if the operation was determined as finished by 
the pressure alone. A lead valve is arranged in the barrel, so that 
not only the pressure of an excess of chlorine gas, but its presence 
and the exact condition of the charge, can be ascertained at any 
time. Where examination shows that there is an excess of free 
chlorine in the barrel the pulp should be left in contact with it at 
least an hour before discharging. 

The barrel is surrounded for two-thirds of its height on both 
sides by a splash-box 18 inches wide, which ends in a trough 
which can h<* turned on to anv one of the tubs. When the chare^e 
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is finished the barrel is turned up. The chlorinator, wearing a 
respirator, as there is considerable pressure of gas, loosens the 
screw of the man-hole, so as to raise the rubber a little and allow 
the extra chlorine to escape for several minutes. He then removes 
the valve altogether, and with his hands turns the barrel down 
into the trough. The whole charge runs on to the filter, the bed of 
which is 6 inches in thickness. The filter is first flooded from below 
to the depth of 4 or 5 inches with water and the outlet stopped. 
This prevents the charge from below from packing as the ore falls 
on to it. The barrel is then washed out with a little water, and 
it is ready for a new charge. The trunnions of this barrel, which 
was originally made for the Mears process, were made hollow for 
the purpose of introducing the stationary goose-neck, through 
which the pressure of the gas in that process, which was from 30 
to 40 pounds to the square inch, was made and measured. They 
were made too large in the first place, and are now very much too 
large. They have been stopped up with asbestos, as they are no 
longer used. In all the recently constructed barrels the trunnions 
have been cast solid. The difficulty with the barrel so con- 
structed was the leakage of the stuffing boxes for the goose- 
neck, which it was impossible to keep tight. Another and a 
greater one was the collapsing of the lead lining of the barrel 
from the exhaust, in the endeavor to collect all of the chlorine gas 
in the barrel which was not used in the chlorination, so as to use 
the gas in the next operation. Another was the fact that there 
was often pressure due to the evolution of other gases than chlo- 
rine, which were mistaken for it, and the fact that, from mistakes 
as to the pressure, the ore supposed to have been fully acted upon 
by the chlorine had often not been sufficiently treated, so that the 
tails had to be worked over. The barrel is run by a 30-inch 
Knight's wheel. 

The time necessary to revolve the barrel is not quite fixed, ex- 
cept by the work of the furnace. The total cost of power is $\ 
in twenty-four hours, or ^0.50 per ton. As the furnace is small 
the quantity to be treated is small. Double the quantity might 
be treated if there was sufficient pyrites to treat. Two hours 
with the Bunker Hill concentrates would answer for the chlori- 
nation as well as four. The barrel discharges into three filter- 
tanks, which are rectangular, 6 feet by 8, and 18 inches deep. 
They are lined with lead, and incline i inch toward the drain-hole. 
The filter in California is made in them as usual, of quartz pebbles. 
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gravel and fine sand. To keep it in place and prevent its surface 
from becoming unevert, longitudinal slots i ]4 inches deep and lo 
inches apart, are used on the top. In North Carolina the bottom 
of the tank is first covered with perforated tiles which are covered 
with gravel and then sand. They have two outlets for discharging 
into the settling-tanks. When the barrel is entirely empty the 
stopper in the tank is removed and the charge is allowed to drain, 
and is ihen washed with clear water, as rapidly as possible, until no 
gold is left. To do this the barrel-charge is allowed to drain until 
the surface of the pulp is bare. The outlet is then closed and 
water is added until it stands 3 to 4 inches above the surface of 
the pulp ; this is then drained. The outlet is again closed and the 
vat filled full of water, which will be from 9 to 10 inches deep. 
This is drained and the tails will then generally be clean. They 
must, however, be examined and the leaching continued if gold is 
present. The filtration is done very rapidly, but the time depends 
for the most part on the fineness of the ore. When the wash 
water contains chlorine but no gold, the tails will be clean. From 
250 to 300 gallons of wash water are required per ton of ore treated. 
In six hours from the time the roasted pyrites is charged in the 
barrel the tails are clean and the filter ready for a new supply of 
barrel-treated ore. 

The settling-tanks are round, and are called stock-tanks. There 
are three of these 8 feet in diameter and 4 feet deep. They settle 
in fourteen to sixteen hours, and are drawn into the precipitation- 
tanks, which are on a level below the bottom of the stock-tanks. 
The precipitation-tanks are 5 feet in diameter and 3 feet deep. 
In North Carolina they are 6 to 8 feet in diameter, and the same 
depth. They are quite large enough to hold all the wash liquors 
of 3 tons of roasted ore. There are six of them. The ferrous sul- 
phate is siphoned into them. The solution must have a decidedly 
acid reaction, in order to be certain that all the lime has been con- 
verted into sulphate. Ferrous sulphate gives a bulky precipitate 
with neutral solutions of calcium chloride. The solution is stirred 
with a wooden paddle and the ferrous sulphate added in excess. 
When the gold is all down the ferrous sulphate is turned off, and 
the whole allowed to settle from forty-eight to seventy-two hours. 
The supernatant liquor is allowed to run out and a fresh charge 
introduced into the vat. The spent liquor is allowed to flow on to 
a sand filter covered with sacking. The sand is taken up once a 
VOL. XI. — 10 
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year and chlorinated by itself. When copper is present in the 
ore the weak solution, after the precipitation of the ^o\A, is run 
over old iron, and then goes to waste. The sulphurets treated 
assay ^55. The tails assay from ^3 to JI3.S0. Occasionally they 
go as low as $1. The gold is collected carefully, washed to re- 
move the iron salts, and melted as usual. When carefully done 
the bullion is from 990 to 995 fine. Sometimes it may go as low 
as 975. 

It is a matter of surprise, considering the time and pressure of 
gas used, that this process does not bring the tails down as low 
as in the Mears process, where the roasted concentrates were 
moistened with only 1 5 to 20 gallons of water, whose only object 
was to prevent the roasted concentrates from dusting. The diffi- 
culty seems to be in the roasting. No salt was added in the Mears 
process, and the temperature of the roasting was much higher at the 
end. The explanation must be found in the roasting, as the wet gas 
does not explain the difficulty. No time, quantity of lime, or other 
change seems to affect the tails. The tails, when treated, are thrown 
into a trough in front of the tanks and sluiced out. Only one cord 
of wood a day is used in roasting. The experience in these works 
has been that the tanks last best when the wood has been soaked 
in linseed oil, dried, and painted with tar or three good coats of 
white lead. The roasted sulphurets are worked up to 92 per cent, 
of their assay value. When, as they sometimes do, they contain 
twice their ordinary value, they are worked just as close, the 
tails in both cases never containing more than II3.50. When they 
were worked by Plattner's process in the usual way the tails often 
contained as high as $J a ton. The cost of this process, at Bunker 
Hill, per ton of roasted pyrites is given below : 

Roasting. 

Two roasters, at ^3.25, fe.25 

Five-eighths cord of wood, at |6, 3.75 

^7.00 

Chlorinating. 

One chlorinator, at $3, 1,50 

Thirty pounds of bleaching powder, at 4 cents, , , 1.20 
Thirty-six pounds of 66 sulphuric acid, at 3^ cents, • 1.26 

Twenty pounds of salt, at ^ cent, 15 

Water-power, 50 

General expenses and loss, ...... 3.00 

7.61 

Total for one ton of ore roasted and chlorinated, . , • I14.61 
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The cost of doing this in North Carolina is very much less : 

Roasting. 

Four laborers for roasting 2 tons of ore, at |i, . . $2.00 
One cord of wood for roasting 2 tons of ore, at $1.25, .625 

$2 625 

Chlorinating. 

Two laborers for 4 tons, at $0.90, .... I0.4S 

One chlorinator, at $2, 0.50 

Forty pounds of bleaching powder, at 3 cents, . . 0.30 
Sixty pounds of sulphuric acid, at 2 cents, . . . 0.30 
Seventy-five pounds of sulphuric acid for ferrous sul- 
phate, at 2 cents, 0.125 

Repairs, wear and tear, ... ... 0.20 

Power, 0.125 

200 

Total for one ton of ore roasted and chlorinated, . . $4,625 

The succe.ss of this process is undoubtedly owing to the forma- 
tion of nascent chlorine in contact with ore, which is constantly 
being rubbed bright by the friction of the particles against each 
other and against the sides in the revolving barrel. In two years 
use of the process at the Haile mine, there have l>een no repairs. 
Under the conditions of the process it would be impossible for any 
coating forming on the particles of gold to remain on them, and if the 
gold is bright it is sure to be attacked, which might not be the case 
when the ore is treated in vats. The solution and filtration are 
done so rapidly that there is little chance for the gold dissolved to 
be precipitated elsewhere than in the precipitation tanks. The 
advantages of this process are the small amount of space it occu- 
pies, the celerity of the operation, the high percentage of yield, 
the facility of ascertaining the exact condition of the charge at any 
time, and the very slight wear and tear. The only disadvantages 
are that a small amount of power is required to be used, which is 
not necessary in the ordinary Plattner's process, and that more than 
ordinary care and intelligence are required to run it. 
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THE INDIAN GRASS OILS. 

By F. D. dodge. 

Among the three hundred and thirteen genera comprising the 
order Gramiuece^ one, the genus Andropogon^ is noted for the aro- 
matic properties of many of its species. This genus, which derives 
its name from the woolly covering of the staminate flowers («v^^«c, 
man, and Trwywv, beard), is a very extensive one, containing, accord- 
ing to Hackel, one hundred and ninety-three species. These are 
mostly tropical, and about forty-five occur in India ; those of the 
latter which are of economic interest belong chiefly to the sub-genus 
Cymbopogon^ which is characterized by the large bracts and the 
venation of the glumes. 

Probably the earliest definite allusion to one of these aromatic 
grasses can be traced to the twelfth century, A.D. 1 107-1 174. On 
some inscribed copper plates of that date, discovered near Etawah, 
** cus-cus " grass is mentioned as an article of trade.* The early 
Indian botanists were acquainted with certain aromatic andropo- 
gons ; an oil distilled from ** sireh *' grass in Amhoyna appears to 
have been known as a curiosity as early as 171 7.* In 1786 Blane 
obtained from near Lucknow a species different from any previously 
known. It was believed to be the *' nardus Indica" of the ancients. 
Roxburgh, in 1820, speaks of a " lemon-grass oil " as being dis- 
tilled in the Moluccas. This seems to have been first imported 
into London in 1832. Ginger-grass oil appears to have first at- 
tracted attention in 1825. At present there are found in commerce 
five distinct essential oils which can without doubt be traced to 
various species of Andropogon, Much confusion, however, has 
arisen in the identification of the nearly-related plants which yield 
the different oils. As an example of this uncertainty it is inter- 
esting to note that the oil of ginger grass has been separately 
assigned to four of the species under discussion, and of ** lemon- 
grass oil " the botanical source is not as yet determined. 

It appears that four species oi AndropogomffoxdXhQ commercial 
oils : A. nardus^ or citronella grass ; A, schoenanthus, or Rusa grass ; 
A, citratus {J), ox lemon grass ; and A. squarrosus^ or vetivert grass. 
The third of these, which bears the provisional name citratus, has 
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not been described or classified ; the others, however, are well au- 
thenticated. A, nardus, A, schoenanthus ^ and vety probably A, 
citratus are very closely related. A, squarrosus differs from the 
others in a marked degree, and is placed by Hackel in the sub- 
genus Vetiveria. In addition to these must be mentioned A, lani- 
get and A, /2£/^m//^/^^^, which, although not known to yield oil, are 
aromatic and of historic interest. Undoubtedly these grasses have 
often been confounded with the other species, and it is more than 
likely that, if not used alone, they have been frequently mixed 
with the oil-yielding species in the preparation of the various oils. 
The follovving diagram, adapted from Hackel, shows the ac- 
cepted relations of these species : 

Genus Andropogon 

/ \ 

Isozygi Heierozygi 

/\ I \ 

/ \ t (2 other sub-genera) 

(9 other sub-genera) Vetiveria Cymbopogon 

I I (2 other sub-genera) 

A. Squarrosus Gymnanthelia 

/ \ 

Sec, A. Sec, B. 

A. laniger A. narclus 

A. Iwarancusa A. Schoenanthus 
A. citratus (?). 

CiTRONELLA GrASS. 

A, nardus, Linn. ; A. Martini^Thw. ; A. schoenanthus^ Roxb. ; A. 
flexuosus^ Nees. ; A. coloratus^ Nees. ; A. Iwarancusa^ Roxb. (in 
part) ; A, Roxburghii^ Nees. Many vernacular names of this plant 
have been collected by Dr. Watt, in his Dictionary of the Economic 
Products of India (1889). 

Linne founded this species upon a typical specimen in Hermann's 
Herbarium (now in the British Museum). Thwaites, in his Enu- 
meratio Plantce ZeylanicB^ describes, under A, Martini^ the native 
plant ** Maana," or " Pangare-maana," which affords the citronella 
oil. 

Bentley and Trimen have described and figured a cultivated 
specimen from Kew. They state that it is much more lax than 
Linne s, and the awns are much longer; indeed, in this and other 
specimens the awns are completely within the glumes. Both of 
these characters, however, are variable, Th waiters specimens being 
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intermediate between the Kew and Hermann's plants in each 
particular. • 

Hackel remarks, in regard to this species, that it is in the highest 
degree polymorphic, extreme varieties very dissimilar in appear- 
ance being nevertheless joined together by intermediate forms. 
The appearance, in fact, depends principally on the evolution of 
the panicle, which ranges through all grades, from the simplest to 
the most fully decomposite. 

On this varying structure of the panicle Hackel has based many 
varieties. 

According to Munro, the best characteristics of A. nardus are 
to be found in its rufous color, short spikes and narrow leaves. 

The sub-species genuinus is the citronella plant, native in Cey- 
lon ; according to Roxburgh, cultivated in India, but not native. 

Of other varieties enumerated by Hackel, A.flexuosus^ A. kha- 
sianns^ A. nilagiricus^ A, glomeratus^ occur in various parts of the 
Indian Peninsula. A. cerifcrus^ Hackel, is found in Brazil, Cuba 
and Porto Rico. A, grandis^ which is the plant figured by Wal- 
lich as A, schoenanthus^ is native in Java, Calcutta, Nepal, Austra- 
lia. A, hamatulus occurs in China, Macao, and the Philippines. 

The citronella grass is a large perennial herb, with a long» 
slightly branched, partly aerial rhizome, reaching one-half inch in 
diameter. The stem is often six or more feet in height, erect, cy- 
lindrical, smooth, and partly concealed by leaf sheaths. The 
leaves are very large and long, numerous and erect, and of a pale, 
glaucous green color, somewhat brighter beneath. The flower 
consists of very small spikelets arranged in couples, one stalked, 
containing one staminate flower, the other sessile, with one fertile 
and often one staminate flower. These couples, to the number of 
three or four, are articulated on opposite sides of a short flattened, 
jointed rachis, clothed along the edges with white silky hairs, the 
whole forming a spike one-half to three-quarters of an inch long. 
The spikes are arranged in pairs on a slender stalk, at the node 
of which is a large orange-red striate bract, which encloses the 
pairs of spikes before expansion. The pairs of spikes are very 
numerous, and are placed on the branches of elongated panicles 
which spring from the axils of the upper leaves, the whole form- 
ing a somewhat drooping inflorescence, often two or more feet in 
length. The fertile spikelets are provided with a long, slender 
purple awn ; the staminate spikelets are awnless. 
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This grass is quite common in the plains and lower hills of the 
Northwest Provinces and the Punjab. It is extensively cultivated 
in Ceylon, Singapore and the Malabar coast for the production of 
oil. It is abundant about Travancore and in the Madras Presi- 
dency. As cultivated in Ceylon, it often rises to the height of 6 
or 8 feet. 

The plant is raised from seed and planted like Guinea grass, and 
will give two or three crops a year. When fit to cut, the grass is 
carried to a large boiler and the oil distilled immediately. It is es- 
timated to give about three dozen bottles of oil to the acre ; i 
cwt. of grass should afford over 3 ounces. 

In the south provinces of Ceylon, where the oil is principally 
produced, the manufacture is carried on partly by rich natives 
with the customary apparatus on large plantations, and partly by 
small proprietors with primitive earthen stills. The oil is distilled 
nearly all the year, but the best seasons are December and Janu- 
ary, March and April, and July and August. 

Oil ofcitronella is regarded as officinal in \ht Indian Pkarmaco- 
pceia^ but its application in medicine is unimportant. The princi- 
pal consumption is in the manufacture of "honey soap." Im- 
mense quantities are used for this and similar purposes in the 
United States. 

RusA Grass. 

A. schcenanthus^ Linn. ; A. Martini^ Roxb. ; A. nardoides^ Nees. ; 
A. calamus aromaticus, Royle ; A.pachnodes^ Trinius ; A.giganteus^ 
Hochstett; Cymbopogon MarHni^ Munro ; Gymnanthelia Martini^ 
Anderss. ; Nardus Indica^ Lamarck (?). Ginger grass, geranium 
grass, roussa or rusa grass. 

Synonyms of Oil. — Rusa oil, Indian or Turkish geranium oil, 
ginger-grass oil, Palmarosa oil, Ingwer oel; oil of Namur, Nimar, 
Namaur or Namar; Khandesh oil ; Row-sah, Rosa, Rose or Roisa 
oil ; Rusa-ka-tel, Koshel, Idris yaghi, Enterschah. Other vernac- 
ular names are given by Pickering and Watt (/. ^.). 

This is the grass found west of the Indus, and recognized by the 
Phoenicians in Alexander's army as one of the perfumes of com- 
merce, and is also probably the "kOmakon " enumerated by The- 
ophrastus among imported perfumes (Pickering). 

Dr. Roxburgh first saw this plant from seeds forwarded to him 
by General Martin, collected in Balaghat during the last war with 
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Tippu Sultan. Dr. Dymock in his Materia Medica of India has 
given a careful description of the plant. It is differentiated from 
the other species by the structure of the first glume of the fertile 
spikelet, which is oblong or obtuse, with a membranous winged 
keel, having at the back a deep narrow sulcus, and inside a promi- 
nent rib. Hackel distinguishes several sub-species and varieties. 
Sub-species, genuinus ; variety, «, genuinus^ is the plant occurring 
in East India, Bengal, Nepal, Burmah, tropical Africa, Mozam- 
bique and Caffraria. Variety ^, versicolor^ occurs in tropical Africa, 
Mauritius, Ceylon, India and China, and cannot always be distin- 
guished from variety a. Variety r, ccesius^ is found in China, India, 
Afghanistan, Arabia. 

Sub-species, densiflorus^ Steudel, in Senegal and Brazil. Sub- 
species, nervatus^ Hochstett, in Cordofan. Sub-species, clandesti- 
nus^ Nees, in India (?). 

Rusa grass has a perennial root» with long wiry fibres ; the 
culms erect, 3 to 6 feet high, smooth, filled with a spongy pith, 
leaves very long and tapering to a fine point, smooth in every part, 
and of a soft delicate texture. The bracts are shorter than the 
joints on full-grown plants, with a membranous stipulary process 
at the base. Panicles linear and spikelets paired, but with only 
three joints. Spikelets as in citronella grass, with the exceptions 
already noted. 

The Rusa grass is quite abundantly distributed in central and 
northern India. Royle states that it grows from Nagpore as far 
north as Delhi. It abounds in the Deccan, universally spread over 
the trap districts ; in the neighborhood of Bombay, in the Concan, 
north and south, and in the vale of Nerbudda. It is found spar- 
ingly in the Punjab. In Martinique, a plant supposed to be poison- 
ous is confounded under the name of " citronella " or " andropo- 
gon " with the Schoenanthus (A. laniger). It resembles very much 
the latter, but is larger, and diffuses a very pleasant smell of rose 
geranium. Whether this is the Rusa grass has not been ascertained. 

The oil obtained from this plant appears to have been first 
brought to notice by Maxwell {Calcutta Med. and Pkys, Trans.^ i., 
367) in 1825, and was again described by Forsyth [ibid, iii., 213) 
in 1827. It has come to bear a number of names, which appear 
for the most part to be of modern origin, and to indicate the use 
to which the oil is put. Of these, perhaps, " Rusa oil *' is the most 
general. Fliickiger points out that some of these names look ex- 
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ceedingly like a corruption from rose oil, the more so since the 
principal consumption is as an adulterant for attar of roses. Dr. 
Dymock states, however, that the Indian distillers and dealers 
know nothing of this use of the oil. In Arabia and Turkey, the 
oil appears under the name " Idris yaghi," and in the attar-produc- 
ing districts of the Balkans it is known, at least to Europeans, as 
geranium or Palmarosa oil. The name geranium oil, which has 
caused much confusion with the true geranium oil, or oil from 
the geranium plant, has apparently come into existence from the 
fact that the grass oil has been used to adulterate the latter, which 
in its turn is used as an adulterant of attar of roses. From the' 
fact that one of the largest supplies of Rusa oil is in the Nimar 
district, Khandesh, Bombay Presidency, the oil has come to bear 
the commercial name of Nima, Namar or Namur oil. 

The oils of ginger grass and Turkish geranium are distinct com- 
mercially, and have different market values. There is little doubt, 
however, that they represent different qualities of the same oil. 

In the Nimar district the grass is cut in October and November. 
An iron still is employed, with a very small amount of water ; 
when the still is carelessly worked the grass burns and communi- 
cates a dark tint to the oil, which should be of a pale sherry color. 
In an experiment by Dr. Dymock, 373 pounds of grass from 
Khandesh yielded 1 pound S^ ounces of oil. The Bombay 
Gazetteer^ (iii., 251) gives an interesting account of the manner in 
which Rusa oil was prepared at the Panch Mahals. 

^* The grass oil made from the large-bladed aromatic grass 
known as * Roisa,' which used to grow over large stretches of 
waste land, was, at the rate of 4^. (Rs 2) a pound, bought in con- 
siderable quantities, and used partly as a remedy for rheumatism, 
partly to mix with attar of roses. The oil was extracted by dis- 
tillation. A rough stone oven was built by the side of a stream, 
and in it a large metal caldron was placed, and filled with bundles 
of grass and water. When full a wooden lid was put on, and 
sealed with a plaster of ground pulse or * adad.* Through a hole 
in the lid one end of a hollow bamboo was thrust, and the other 
end passed into a smaller metal vessel securely fixed under water 
in the bed of the stream. The oven was then heated, and the 
vapor passing through the hollow bamboo, was, by the coldness 
of the smaller vessel, precipitated as an oil." 

According to Dymock, Rusa oil is of a pale sherry color, with 
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an agreeable odor like attar of roses, and quite distinct from that 
of lemon grass. Its taste is sharp and pleasant, approaching that 
of oil of lemons. The odor of the oil is said to be improved by 
shaking it with water and a little lemon-juice, which operation 
also removes traces of copper. The washed oil is bleached by ex- 
posure to sunlight in shallow dishes for two or three weeks, *'The 
optical and chemical differences between grass oil thus refined and 
attar of roses are slight, and do not indicate a small admixture of 
the former.'* Ginger-grass oil is pale yellow to brown, and has 
the odor of Pelargorium Radula Ait. 

The medicinal uses of Rusa oil are unimportant. It has been 
employed as a liniment in chronic rheumatism and neuralgia, and 
is believed to have a beneficial effect on the hair ; it is hence much 
used by Turks and Arabs as a hair dressing. The oil is seldom 
taken internally by the natives, but is considered a powerful ex- 
ternal stimulant. 

The annual exportation of Rusa oil from Bombay exceeds 40,000 
pounds ; it is sent chiefly to Jedda. A small amount finds its way 
to Europe, but the great bulk goes to European Turkey. 

According to Stewart, a spirit (arak) is also distilled from Rusa 
grass, with spices, etc., and is said to be useful in indigestion and 
fever. This fact does not appear to have been observed by other 
writers. It has also been stated that the grass is a favorite fodder 
for cattle, the flesh, as also the milk and butter, becoming in con- 
sequence strongly aromatic. 

Lemon Grass. 

A. citratum DC. {?); A, schcenanthus^ Wallich (?); A, schoenan- 
thus^ Roxb. in Dalzell and (y^soTi'% Bombay Flora, 1 861. 

Vernacular. — Gandha bend (Bengal), ulenchd (Bombay), Bhus- 
trina (Sanskrit), Sir eh (Java). 

Synonyms of Oil. — Verbena oil, Indian melissa oil, lemon-grass 
oil. Essence de Verveine. 

De Candolle, in 18 13 (Cat. Plant. Hort. Bot, Monspeliensis), under 
the name A. citratum, describes a grass occurring in several gardens, 
resembling A, schcenanthus, but larger. Although growing rapidly, 
it was not observed to bloom. The leaves by friction gave a 
pleasant lemon-like odor. 

Link {Enum., i., 107), who has transformed the name to A, 
citriodorum, considers the plant identical with A, schoenanthus. 
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Later writers have also generally considered the " lemon " grass 
to be A, schcenanihus (Engler and Prantl, Hackel) or A, nardus 
(Hackel). 

According to the best Indian authorities, however, it is a differ- 
ent plant, but resembles very closely the A, nardus. General Munro 
believes the plant figured by Wallich as A, schcenanthus to be the 
lemon grass ; as already noted, Hackel considers Wallich's grass 
to be A, grandis^ a variety oi A. nardus. 

Roxburgh gives the vernacular names " Gandha bena** (Bengal) 
and " malutrinukung bhustrinung " (Sansk.) to a plant which he 
describes as A, schcenanthus^ Linn. This may be A, citratus (?), 
but it seems to agree equally well in certain respects with A. 
laniger^ Desf. 

Wallich states that the citron-smelling andropogon of Mar- 
tinique is known in India as " lemon grass " or "dog*s grass citron." 

A specific description of lemon grass does not appear to have 
been published. The only characteristic I have been able to dis- 
cover is' the meagre fact that the leaves are more glaucous than in 
A, nardus. 

According to Dr. Watt, lemon grass is a large, coarse grass, 
cultivated with citronella in Ceylon and Singapore; also to a con- 
siderable extent on the Malabar coast, Malay Peninsula, Eastern 
Archipelago, Java, West Indies and Mexico (?). It is met with 
quite frequently in gardens in India, and is not rare in European 
collections. It grows in light soil, needs little culture, but requires 
considerable moisture. It rarely or never bears flowers. Dr. 
Dymock, however, mentions having seen it in bloom more than 
once. 

In the Indian Pharmacopoeia the oil of lemon grass is regarded 
as officinal. It is also officinal in the Nueva Farmacopea Mexicana 
under the title of "Te Limon " (Kremers). 

When pure, the oil is a pale sherry color, transparent, with an 
extremely pungent taste and a peculiar fragrant odor, resembling 
that of the verbena {Lippia citriodora). It is more costly and less 
extensively produced than citronella oil, and, like the latter, is 
chiefly manufactured in Ceylon and Singapore. Drs. Watt and 
Gladstone have noted the similarity in properties of these oils. 

The oil of lemon grass is chiefly employed in Europe in adulterat- 
ing true Verbena oil, or as a substitute for the latter. It is also 
largely used as a perfume for soaps and greases, and there is a 
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large consumption in the manufacture of Eau de Cologne. In 
India it finds application in the native perfumery. 

Medicinally it is described as stimulant, carminative, antispas- 
modic, and diaphoretic, locally applied as a rubefacient. In cholera 
it has been recommended as a remedy of great value, allaying and 
arresting the vomiting, and aiding the process of reaction. It is 
also in favor as an external application in rheumatism and other 
painful affections. It seems probable, however, that for these 
purposes, the different grass-oils are used indiscriminately. 

The annual production of this oil in Ceylon is over 1500 lbs., 
valued at \s. ^d, per ounce. More than half the annual exports 
go to America. Of late years the export from Ceylon has 
diminished ; but from India and the Malay Peninsula it is exported 
in larger amounts. 

SCHCENANTHUS GrASS. 

Andropogon laniger^ Desf ; A, Iwaranci4sa^ Roxb. (in part) ; A, 
olivieri^ Boiss. ; A, Eriophorus^ Willd. ; A, circinnatus^ Hochstett 
and Steudel ; Cytnbopogon circinnatus^ Hochstett. ; Gymnanthelia 
lanigera^ Anderss, Herba schoenanthi, flowering rush, juncus 
odoratus, squinanthus, foenus camelorum. Native names, ibharan- 
kusha, karan-kusha (Hind, and Punj.); Izkhir (Arab and Bom- 
bay) ; khavi (Punj.). 

This species was first described by Desfontaines (Fl. Atlantica, 
2379), ^ho obtained it from " mountains near Cassam " in Bar- 
bary. A fuller description was given by Boissier (Fl. orien talis, 
5.465) who found it to be identical with his A.olivieri, Under the 
name A, Iwarancusa it is figured by Trinius (Icones. tab. 326), 
and it is also probably identical with the plant obtained by Blane. 
Royle has noted that it greatly resembles the Indian grass which 
affords the oil of Namur {A, schcenanthus). 

This plant is probably the Sxotvo^ dpo/muxo': of Dioscorides. It 
is particularly mentioned by Arrian in his account of Alexander's 
journey through the Punjab and Sind, and was gathered by the 
Phoenician followers of the army, who called it spikenard (Dalzell 
and Gibson, Bombay Flora^ 302). By the old Latin writers on 
Materia Medica it was known as " Herba schoenanthi " or ** Juncus 
odoratus." This plant is distinguished from the closely allied 
species by its simple rhizome, short thick tuft of radical leaves, and 
the abundant woolly covering of the rachis and spikelets. The 
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odor of the plant is somewhat like that of oil of rhodium ; its 
taste aromatic, bitter, and slightly acrid. 

Hackel distinguishes two varieties of this species, which differ in 
a few minor details. Variety a, genuinus^ is the plant under dis- 
cussion ; variety P, grandiflorus^ occurs in southwest Persia. 

A, Iwarancusa^ of which three varieties are recognized by Hackel, 
resembles the above species closely, and cannot always be cer- 
tainly distinguished from it. Variety a, genuinus^ is the plant 
described by Edgeworth [Journ, Linn. Soc.^ vi., 208) as A. ariani. 
This grass occurs in India on the plains at the foot of the Hima- 
layas in Nepal and Sind. Variety /5, sennarensis [A, sennarensis, 
Hochstett), is found at Senna r in Nubia Variety ^, proximus (/4. 
proximus^ Hochstett), occurs in Abyssinia, Kordofan, Dongola, etc. 

It is needless to say that the differentiation of these varieties is 
not easy, and the validity of the distinctive features is somewhat 
doubtful. 

The schoenanthus grass is a native of mountainous and dry 
regions. It is found in the lower Himalayan tract, extending 
through the plains of the Northwest Provinces and Punjab to Sind. 
It is said to occur in Thibet at an altitude of 1 1,000 feet, and has 
been found in Afghanistan, Mesopotamia, Yemen, Arabia, Abys- 
sinia, Nubia, Tunis, Algeria and Morocco. Lemery states that it 
is so abundant in the districts of Mount Lebanon that the people 
use it for the forage and litter of camels, whence its designation, 
Foenum or Stramen camelorum. Roxburgh says that the grass 
grows in large tufts, each tuft composed of a number of plants ad- 
hering together by the roots. Aboo-Haneefeh Ed Deenawaree, 
the author of the Book of Plants^ has the following description of 
the plant : *' It has a root hidden in the ground, slender, pungent 
in odor, and is like the straight stalks of the Kaulan (or papyrus), 
save that it is wider and smaller in the internodal spaces, and it 
has a fruit resembling the brooms of reeds, but more slender and 
smaller. It is ground, and is an ingredient of perfumes. It grows 
in rugged and smooth grounds, but seldom does more than one 
grow on the same spot. When it dries it becomes white." 

Another Arabic writer describes two kinds of Izkhir, one of 
which appears to be confounded with A. schoenanthus. This pow- 
dered grass is called " Ghusool " by the inhabitants of Mecca, who 
use it as a perfume for the bath. His second kind, " Izkhir-i-jani," 
is the " Khus-khus " {A, squarrosus) of India. 
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Though no longer used in Europe, this grass is still to be met 
with in all eastern drug stores. Western India is supplied from 
the Persian Gulf ports. 

In Mahometan medicine, " Izkhir " is described as a diuretic, 
emmenagogue and deobstruent ; also as a stimulant to promote 
perspiration and expectoration. It has been employed as a valu- 
able aromatic tonic in dyspepsia, in coughs, chronic rheumatism 
and cholera. According to Dr. Dutt, its virtues seem to reside in 
the larger roots marked with annular cicatrices. 

No mention of any oil derived from this plant, and no chemical 
examination of the grass, appears to have been made. Judging 
from its aromatic nature it seems likely that the plant would afford 
oil on distillation. Dr. Royle, however, denies that A. Iwarancusa 
yields oil. According to Piesse the roots of this plant are fre- 
quently used instead of vetivert. They are distinguished from the 
latter by their whiteness and freedom from twists. 

Vetivert Grass. 

A. squarrosus^ Linn. ; Phalaris zizanoides^ Linn. ; A, muricatus^ 
Retz. ; A.festucoides^ Presl. ; AgrosHs verticillata^ Lamarck.; An- 
atherum muricatunty Beau v. ; Vetiveria odorata^ Virey. ; Rhaphis 
muricata^ Nees. ; Vetiveria arundinacea^ Grisebach ; Mandelorna 
insignis^ Steudel. Vetiver, vetivert, vitivert, vetti-ver, or viti-vayr 
grass ; cus-cus, khus-khus, khas-khas or koosa grass. Numerous 
other vernacular synonyms have been given. 

As already noted, this plant was known at an early period. It 
is very probably the sweet-scented " usira " root of the " birana" 
grass mentioned in the Dhammapada^ and possibly also the 
"asmantaca" of the Institutes of Manu. The "usira" is also 
noticed by D'hanvantari and Kalidasa. 

Dr. Dymock has given a full description of the plant It has 
an erect compressed culm 5 to 6 feet high, with smooth nodes and 
linear narrow sub-bifarious rigid elongated leaves ; the panicle is 
verticilled, branches very numerous, simple and spreading; the 
joints of the rachis are smooth ; the glumes are minutely prickly 
on both sides, nearly equal and muricated. Radicles are numer- 
ous, and spring from a rhizome, on the upper surface of which are 
leaf buds. The entire root is of a yellowish-brown color, and has 
a strong and persistent odor, somewhat like myrrh. The taste is 
bitter and aromatic. The plant is perennial, and generally grows 
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in tufts or clumps, requiring a rich moist soil. It thrives especially 
well on the banks of water-courses. 

0{ A, squarrosus^ Hackel recognizes three varieties. Variety a, 
genuinus^ is the plant generally described under the above syno- 
nyms. Variety P, nigi'itanus, is found in the vicinity of Senegal. 
Variety ^, chrysopogonoides^ in Mauritius. 

This grass grows in many parts of India, in Bengal, Oudh, 
Ceylon and Burmah. It was observed by Graham in the environs 
of Bombay; by Ainslie, Retz, Jones and Roxburgh in other parts 
of Hindustan. Mason found it cultivated in Burmah under the 
name " Pan-yen," for its fragrant roots. It covers large tracts of 
waste land in the province of Cuttack, is very common in every 
part of the coast (Coromandel and Mysore), and is found in Kumaon 
at an altitude of 1000 to 2000 feet. (Duthie, Grasses of Northwest 
Provinces^ 1883.) It occurs also in the Philippine Islands, Mauri- 
tius, Antilles, Porto Rico, Guadeloupe, Martinique, Jamaica, Trini- 
dad (according to Grisebach, who suspects the species to have been 
introduced into the West Indies), Brazil, and in Louisiana, along 
the Mississippi. 

According to Moodeen Sheriff {Supplement to Indian Pharmaco- 
poeia^ Madras), the lowest parts of the culms of this grass, with or 
without the roots, are sold under the Arabic name " Izkhir " in 
South India, while in Haiderabad, Calcutta, etc., ** Izkhir" is used 
for the Rusa grass. The true " Izkhir " of Arabia does not, in his 
opinion, exist in India. Dr. Dymock, however, gives " Izkhir" as 
the Arab and Bombay name for A. laniger. 

The cus-cus grass is described as a nuisance to the cultivators, as 
it grows on the rich soils, and is very difficult to eradicate. 

The principal use of the grass appears to be for the construction 
of •• tatties." These are awning blinds or sunshades of wicker 
work, which are quite extensively used in and near Calcutta. Dur- 
ing the hot seasons an attendant sprinkles water over them ; this 
operation cools the apartment by the evaporation of the water, 
and at the same time perfumes the atmosphere in a very agreeable 
manner with the odoriferous principle of the grass. 

The essence of vetivert, obtained by extraction of the roots with 
alcohol, enters into the composition of several of the old and 
much-admired bouquets, manufactured in the early days of per- 
fumery in England. Bundles of vetivert are sold for perfuming 
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linen and preventing moths, and, when ground, it often forms the 
basis of sachet powders. 

When distilled with water, the grass yields a fragrant oil ; ac- 
cording to Piesse. lOO pounds of vetivert yield about 14 ounces of 
oil, which in appearance very much resembles oil of santal. The oil 
is manufactured in this country from imported grass, and finds a 
limited application in perfumery, Considerable.difificulty is ex- 
perienced in its extraction, as the density of the oil is very close to 
that of water. 

The medicinal application of the grass is rather limited. An in- 
fusion of the roots is sometimes used as a febrifuge. " Khas-khas " 
is regarded as stimulant, diaphoretic, stomachic and refrigerant. 
The oil has been employed as a tonic. Dr. Irvine mentions the 
use of this " attar " in sherbet {Medical Topography of Ajmere). 
As a drug, it appears to have been popular with the ancients. 
Pereira describes it as in use in Europe [Materia Medica^ ii., pt. 
I, 132), and under the title Anatherum muricatum it is officinal 
in the American Homoeopathic Pharmacopoeia, 

The grass when young affords good fodder, but is not grazed 
upon except in time of excessive drought. 

Chemical History of the Grass Oils. 

It is a well-known fact that plants closely related in a botanical 
sense will most freqently contain the same or very similar chemi- 
cal constituents, and in certain cases coincidences of this kind may 
serve to indicate a specific affinity which otherwise might pass un- 
noticed. Many instances might be cited ; for example, nearly all 
the Crucifera are known to possess an ethereal oil, containing, sul- 
phur, and very frequently nitrogen, derivatives of allyl, C3H5 ; the 
Oxalidacece are characterized by the occurrence of free oxalic acid 
in the plant-juices; the Aurantiacece all contain citric and malic 
acids, and. in the rind of the fruit, the well-known volatile oils, 
consisting of one or more terpenes. 

The close resemblance of some of the aromatic Andropogom 
suggests a similarity in the chemical composition of their volatile 
oils ; in the work subsequently described, it has been my object 
to obtain evidence on this point, and although the results are in- 
complete, yet I think that the probability of such a similarity in 
the oils is clearly indicated. 

The oils of the sub-genus Cymbopogon are quite similar in ap- 
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pearance, though differing in odor. Vetivert oil is a thick, dark- 
red liquid, and is obtained from the dried roots of the grass, 
while, as far as we know, the other oils are distilled from the entire 
fresh plant. 

Citronella and lemon-grass oils are sharply distinguished from 
the others by their behavior with a bisulphite solution. As will 
be seen subsequently, the effect of this reagent is to cause a trans- 
formation of the oils into a white magma, consisting of an alde- 
hyde-bisulphite compound. The aldehyde constituent of lemon- 
grass oil has not as yet been studied, but it \s probably a different 
compound from that occurring in citronella oil. 

Citronella Oil. 

The previous chemical work on this oil has been indecisive. 

Gladstone, in 1872,* by repeated distillation, separated the oil 
into two portions, one boiling at 202® to 205°, the other at 199° to 
202°. On combustion, these gave figures from which he calcu- 
lated the composition C,oH,jO. It is to be noted, however, that 
his results approximate more closely to the formula C,QH,gO. 

In 1875, C. R. A. Wrightf found the main constituent to be an 
unstable body of the composition CioHjgO, which on treatment 
with dehydrating agents gave rise to a terpene or terpenes, but 
not cymene. The latter was obtained, however, by heating with 
bromine. He found that the oil was altered by repeated distilla- 
tion, high-boiling resinous products being formed. 

Fliickiger, in his Pharmacographia made the important obser- 
vation that both citronella and lemon-grass oils yield solid com- 
pounds when shaken up with bisulphite solution. This fact im- 
mediately suggested the method of investigation. It appears that 
Mr. Kremers also (of whose work the writer was unaware until 
after the results described below had been obtained) took advan- 
tage of this observation. 

KremersJ treated the oil with strorrg bisulphite solution, filtered 
out the white precipitate, and washed with alcohol. The bisul- 
phite compound was decomposed by dilute sulphuric acid at a 
gentle heat, and the sulphur dioxide removed by dry potassium 
carbonate. The aldehyde obtained thus was a viscid yellow 

* Joum. Chem, Soc, (2), 10, 7. t Journ. Ckem, Soc, 1875, i. 

X Proc, Amer. Pharm, Assn,^ 1887. 
VOL. XL— 1 1 
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liquid, possessing a geranium-like odor. Its specific gravity was 
0.942. On fractionation it decomposed. Analyses gave figures 
approximating to the formula C7H14O. but the boiling point was 
not ascertained. From these data the aldehyde was concluded to 
be a heptoic aldehyde, isomeric if not identic^il with oenanthal. 

The writer's experiments* have shown, however, that the alde- 
hyde is an entirely different compound. 

A necessary preliminary to the study of this oil was to secure 
an authentic and genuine specimen. The adulteration of citronella 
oil with petroleum has been extensively practiced of late. It is 
known that the importation of kerosene into Ceylon is largely in 
excess of what could reasonably be supposed to be used for illumina- 
tion. In fact, it is evident that unless some such device is resorted 
to, it cannot pay the natives to manufacture, or the merchants to 
export, the oil. 

In July, 1889, " native " brands of oil were selling in London at 
\od, to i^. per pound, and the exports from Ceylon, in spite of the 
low prices, which have now existed for a considerable period, con- 
tinue to increase. The amount shipped from Ceylon in 1886 was 
6,461 ,278 ounces. Like many other cultures which have been taken 
up in that island on a large scale, the production of citronella has 
been much over-done. The oil supplied by proprietors of estates 
such as Winter's and Fisher's is in all probability pure; that fur- 
nished by contractors and specified to be " market oil " is almost 
certainly sophisticated. 

Mr. Kremers states that the addition of. kerosene was readily 
detected by the alteration in the specific gravity of the oil, so the 
natives gave up the practice. Inasmuch as no standard density 
has }'et been fixed for this oil, the latter statement seems improba- 
ble. Indeed, there is every reason to believe that the commercial 
oil is thus adulterated. 

Schimmel & Co., the well-known distillers in Leipzig, state in 
their •* Bericht " for 1889, that the detection of petroleum in citron- 
ella is not difficult. By comparison with oil prepared at Leipzig 
from dried grass, they have noted that addition of 10, 20, 30 per 
cent, of kerosene diminishes the solubility in 80 per cent, alcohol. 
30 per cent, of kerosene is shown by the insolubility of 3 parts 
of the mixture in 4 parts of the alcohol. The pure oil is miscible 

* Amer, Chem. Joum,^ xi., 7. 
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in equal parts of the alcohol. The density of the pure oil is given 
as 0.895 to 0.897, and commercial samples should not fall below 
0.895 at 15°. The writer is not disposed, however, to place much 
reliance on these figures. 

Four samples of citronella oil have been examined. The first is 
an oil manufactured on the Winter estate near Galle, Ceylon. The 
second is that of Fisher, of Singapore. These command a higher 
price than other varieties, and are considered the purest. The 
third sample is known as " native *' oil, a cheap variety whose 
quality is considered uncertain. The fourth, a *' native " oil, redis* 
tilled in this country. The last two were found, by a method 
devised for the purpose, to contain about 18 per cent, of mineral 
oil. Sample No. i gave no indications of such impurity. By re- 
moving the aldehyde and carefully fractionating the residual oil, 
the latter was separated into three portions, and appeared to bfe 
quite free from petroleum products. Fisher's oil behaved similarly. 
All subsequent work was accordingly done on the first sample. 

This oil is a clear light greenish yellow, with a sharp, burning 
taste, and powerful aromatic odor. Its density at 16° is 0.8770; 
at 26.5®. 0.8750. 

This agrees fairly well with Gladstone's figures, 0.8741 and 
0.8750 at 20^, but not at all with Kremers's result, 0.8833, or those 
published by Schimmel & Co. 

The standard oils prepared by the latter from dried grass im- 
ported for the purpose, may, however, differ materially from the oil 
prepared in India from fresh materials under different conditions. 

On distillation the oil passes over between 200° and 240°, leav- 
ing about 10 per cent, of thick oily residue, possessing a pungent 
odor. Continued fractioning did not yield good results, as the oil 
appeared to decompose on long heating. 

When shaken with a saturated solution of sodium bisulphite, 
after ten minutes the liquid solidifies with considerable evolution 
of heat. On standing, the mass becomes yellow on the surface, 
owing to oxidation of other constituents of the oil. The bisulphite 
compound is readily obtained pure by thinning with ether or chlo- 
roform, filtering, and washing with the same solvents, in which the 
precipitate is practically insoluble. AlCohol does not work so well. 
The bisulphite precipitate is readily decomposed by acids, alkalies, 
sodium carbonate, or hot water, which regenerate the aldehyde. 
All fractions of the oil yield precipitates with bisulphite solution; 
the first fractions, however, the more readily. 
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Phenylhydrazine combines with the oil with evolution of heat. 
On testing the successive fractions it was noticed that the first re- 
acted more readily than the others, indicating that the aldehyde 
or aldehydes were among the more volatile constituents of the oil. 

Ammoniacal silver solution, when mixed with the oil and allowed 
to stand, yields very readily a mirror, followed by a thick lustrous 
deposit of metal. 

Acetyl and benzoyl chlorides react with great readiness, but no 
solid compounds could be detected among the products of the re- 
action. Ammonia under ordinary conditions appears to be without 
action on the oil. 

Isolation of the Aldehyde. 

The washed bisulphite compound, freed from ether by short ex- 
posure to the air, was gradually added to a warm solution of sodic 
carbonate and kept warm until all the white precipitate had disap- 
peared. The supernatant oil was then separated and dried. On 
distillation the greater part boiled from 200° to 210°, leaving a thick 
residue, which did not react very readily with phenylhydrazine. 
This indicated an alteration of the aldehyde, due to the^ heat of 
distillation. To avoid this difficulty, Ihe oil liberated from the 
bisulphite compound was immediately distilled in a current of 
steam. This plan succeeded admirably, a pure white oil passing 
over, and a small quantity of dark-colored oil remaining in the 
flask. 

In order to ascertain whether possibly a mixture of aldehydes 
or ketones were present in the oil, a large amount was treated after 
the following plan : 

Pure oil (distilled with steam) 
First % distillate Next % Residual ^ 

(Bisulphite separation) (Bisulphite separation) 



{A) Aldehyde {B) Residual oil (C) Aldehyde (/>) Residual oil. 

Should the portions (/4) and (C) differ, it would be fair to assume 
that there were two or more constituents having ketonic properties. 
If they were found to be identical, probably but one aldehyde was 
present in the oil. 

Two litres of oil were treated in this way. For the preparation 
of the aldehyde the first portion of the distillate (iioo cubic cen- 
timetres) was divided into four parts of about 280 cubic centimetres 
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each. The bisulphite solution contained looo grams dry sodium 
bisulphite dissolved in 2 litres of water. 250 cubic centimetres of 
this Wlas added to each portion of oil and the mixture well stirred. 
During the stirring the vessels were kept cool with ice water. 
After about ten minutes the mixture " set," forming a snow-white 
magma. The remainder of the bisulphite was now added gradu- 
ally, stirring all the time. A further evolution of heat took place 
until all the oil had been precipitated. After standing about an 
hour the mass was wrapped in flannel, and, after draining on a large 
funnel, was carefully pressed in a filter-press. When the mass was 
pretty dry it was removed from the press, thinned out thoroughly 
with ether, and again drained and pressed. The bisulphite com- 
pound was now tolerably free from residual oil. To remove the 
ether it was exposed to the air for several hours. At this stage it 
has the appearance of wax or soap; on long exposure it decom- 
poses, fuming yellow on the surface. 

To liberate the aldehyde the dry mass was mixed with crystal- 
lized sodic carbonate, 450 grams of the former to 350 grams of the 
latter, in a large flask. Steam was then passed into the mixture, 
which soon liquefied, and yielded a distillate of, in this case, about 
250 grams. The total yield of aldehyde (portion A) amounted to 
700 cubic centimetres. 

The residual 500 cubic centimetres of oil, not readily volatile 
with steam, was treated with bisulphite in the same manner as the 
first portion, but using much less bisulphite. After a few days the 
bulky precipitate was filtered out, pressed, washed, and the alde- 
hyde liberated as before. About 10 cubic centimetres only were 
obtained, which resembled in appearance, odot, taste, and behavior 
on heating, the aldehyde obtained from the first distillate, and is 
almost certainly identical with it. 

The results of the analysis may be concisely represented by the 

diagram : 

2000 c.c. oil. 



1 I 

1st. 1 100 c.c. 2d. 400 c.c. Residue, 500 c.c. 

I I 



I i I " " I 

(y^) Aldehyde (^) Residual (C) Aldehyde (/?) Residual 

700 c.c. 350 c.c. 10 c.c. 475 c.c 

The second distillate of 400 cubic centimetres was not further 
examined. Portions {B) and [D) were subsequently fractionated. 
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Properties of the Aldehyde. 

The steam-distilled aldehyde, after drying several days over calcic 
chloride, is a colorless oil of peculiar, not unpleasant, odor and 
sharp acrid taste.. The specific gravity at 25° was found to be 
0.8509. It commences to boil at 202^, and the temperature slowly 
rises to 207°, after which it rises more rapidly, and a resinous mass 
remains in the flask. 

A series of analyses gave the results : 





Calculated lOHis. 


I. 


n. 


HI. 


IV. 


v. 


c 


77.92 


77.29 


77.68 


77.80 


78.00 


77.91 


H 


11.69 


12.23 


11.69 


II.80 


12.05 


12.14 



The aldehyde is then isomeric with borneol and eucalyptol. 
The name citronellic aldehyde seems suitable as indicating its origin. 

A vapor density determination by the method of Victoi* Meyer 
gave D = 5.405; calc. = 5.34. 

Citronellic aldehyde appears to be dextro-rotatory ; a column 2 
decimetres long produces a deviation of about 7® for sodium light. 

The aldehyde readily absorbs bromine, the solution becoming 
warm. If the temperature rises too much, hydrobromic acid is 
given off and decomposition takes place. To determine the 
amount of bromine absorbed it was found convenient to weigh 
quickly about I gram of aldehyde, dissolve it in 20 c.c. of chloro- 
form or carbon disulphide, and run in, from a burette, a standard- 
ized solution of bromine in carbon disulphide, until a slight per- 
manent red coloration was obtained The bromine solution used 
contained 0.1163 gram bromine per c.c. The following results 
were obtained : 

I. 1.084 gram aldehyde required 9.0 c.c. Br. solution. 
II. 1.885 gram aldehyde required 16.2 c.c. Br. solution. 

III. 2.0149 grams aldehyde required 17.5 c.c. Br. solution. 

Per cent. Br. in bromo-derivative : 



I. 


11. 


III. 


Calculated Brj. 


Br4. 


49.1 


49.9 


50.3 


50.9 


67.5 



These results, though only approximate, yet are sufficient to 
show that the unsaturation of the aldehyde is equivalent to two 
atoms of bromine. 
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Action of Heat on the Dibromide. 

112 c.c. of the bromine solution used above was gradually added 
to 12 grams of the aldehyde. The carbon disulphide was removed 
on a water-bath, and the residual liquid gradually heated to 120°, 
when torrents of hydrobromic acid were evolved. When this 
ceased, the residue was made alkaline and distilled with steam. 
The oil passing over was collected in ether, dried, and the ether 
driven off on a water-bath. A yellow oil amounting to 2 c.c. was 
obtained, which possessed the odor of cymene, and on oxidation 
with hot permanganate solution yielded an insoluble acid, appar- 
ently terephthalic acid. This confirms Wright's statement; the 
reaction, however, is by no means quantitative. 

Reduction of the Aldehyde. 

25 grams aldehyde were mixed with 13 grams glacial acetic acid. 
400 grams of 5 per cent, sodium amalgam were gradually added, 
with occasional washing to remove the acetate formed. The re- 
sulting liquid was dissolved in ether, shaking up with bisulphite 
solution to remove any unchanged aldehyde, boiled with a little 
alkali to saponify any acetic ester possibly formed, washed, dried 
and distilled. The greater part boiled at 225° to 230°. It gave no 
reaction with phenyl hydrazine. It decolorized bromine solution, 
and possessed a pleasant odor of roses. 

On combustion : 

0.1972 gram oil gave 0.5550 gram COj and 0.2299 gram HjO. 





Calculated 10H18. 


Found. 


c 


76.92 


76.75 


H 


12.82 


12.95 



This, then, is evidently the alcohol corresponding to citronellic 
aldehyde. On heating with acetic anhydride it yields a (probably) 
acetyl derivative, which has a curious, quite characteristic, odor. 

(To be continued.) 
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Analytical Chemistry, by E. Waller. 

Magnesium as a Reagent is recommended by Warren {Chem. News, 
Ix., 187) as a substitute for Zn in reducing iron, as a means of separating 
zinc from lime and magnesia for use in the Marsh apparatus, etc. From 
a solution of chromic iron Mg precipitates the iron completely, partly 
as metal and partly as oxide. In the dry way the metal is also useful, 
-though in some cases, e.g.y with MoOj, the reduction takes place with 
explosive violence. 

Glycerine for Preserving H^S Solutions. Shilton {Chem. News, \\,, 
235). One c.c. of glycerine in 50 c.c. of saturated H,S water preserved the 
reagent in a satisfactory condition for over four months. A bottle con- 
taining H,S water without glycerine, standing by the side of the first, had, 
in that time, completely lost its gas. 

Standardizing Alkalimetric Solutions, Kissling (Z/x, Angew. Chem., 
1889, 332) prefers potassium tetroxalate KHC,0^, H^CjO^, ^,0^, the 
purity of which can be tested by igniting and weighing the K^CO,. Heat- 
ing of dry Na^CO, to redness is asserted to afford perceptible amounts 
of caustic alkali. It is recommended as preferable to heat pure sodium 
bicarbonate in an air-bath to 150° C. 

Caustic Alkalies and Alkaline Earths, according to Brunner {Chem. 
News, Ix., 168;, give with sodium nitroprusside an intense yellow colon 
Their carbonates do not show this reaction. On adding alcohol to the 
solution in which the orange color has been produced, an oily substance 
separates, which after a time assumes a crystalline structure. A solution 
of these crystals gives a green color with acids. 

Calcium and Magnesium in gun-cotton. Schierning {Chem. Centr., 
1889, 649). Three to five grms. of the cotton placed in a crucible are 
soaked with a mixture of equal parts alcohol and ether containing 
paraffine in solution, and to which one-fourth its volume of water has 
been added. A small piece of paraffine is then added, and the mixture 
set on fire. The carbon is finally burned off over a blast-lamp. In 
the ash the lime and magnesia can be readily estimated. 

Ferric Bromide, de Koninck {Rtu. Univ. des Mines, etc. [3], vi.. 
No. i) states that on boiling a solution of ferric bromide, ferrous bro- 
mide and bromine are formed. The reaction is of imp>ortance in con- 
nection with the oxidizing of iron by means of bromine. 

Chromium in the ammonium sulphide precipitate. Mayer {^erichie, 
xxii., 2627) finds that the basic acetate separation of the members of this 
group is the most satisfactory, except when Cr is present. If, how- 
ever, an excess of ferric salt is present or is added, no interference is 
occasioned. 
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Volumetric /or Zinc, Voigt (Z/x. /. Angew, Chem,, 1889, 307) titrates 
an ammoniacal solution containing potassium tartrate with potassium 
ferrocyanide. The tartrate holds some ferric iron in the solution, so 
that the end-reaction may be observed by mixing a drop of the solution 
with acetic acid. As soon as the ferrocyanide is in excess the, test drop 
will then show Prussian blue. Manganese interferes, but lead does not. 

Copper Sulphate as Indicator in the ferrocyanide titration of zinc and 
manganese. Moldenhauer {Chem, Zeit., xiii, 1220). The titration is 
performed in ammoniacal solution. Strips of filter paper are soaked for 
half their length in 4 per cent. CuSO^ solution, and drops of the titrated 
solution from time to time applied to the unstained portion of the paper. 
An excess of ferrocyanide is indicated by a red line at the point of con- 
tact of the solutions. 

Solution of Copper in Nitric Acid, according to Veley (/. S, Ch. Ind., 
viii., 858), cannot be effected unless some nitrous acid is present. A 
very minute amount is sufficient to start the reaction. 

Qualitative Separation of Copper and Cadmium, Kastle {Am, Chem. 
Jour.^ xi., 503)- In a hydrochloric acid solution of the two metals, 
the copper is separated by introducing metallic iron, and warming. In 
the solution, H^S or other tests may be applied for the detection of the 
cadmium. 

Separating Copper from Antimony, P'in Reur {Analyst, xiv., 217). 
The antimony should be present in pentad form; add an alkaline iodide, 
then KI and SO,, heat gently, filter off the bulk of copper as CuJ^* 
•and wash with boiling water acidified with sulphuric acid. The filtrate 
contains all the Sb and a little Cu. Oxidize with bromine water, pre- 
cipitate with H^S, dissolve in HCl and KCIO, ; add ammonium tar- 
trate, then ammonia, and finally sufficient H^S to separate the last por- 
tions of the copi^er. In the filtrate the Sb is precipitated by H,SO^, 
and HjS, the precipitate, paper and all, is heated with HCl and the 
amount of Sb determined by titrating the H^S evolved with standard 
iodine solution. 

The presence of about four times as much of the alkaline fluoride 
as there is antimony present prevents entirely the separation of any an- 
timony with the Cujij. Under other conditions Sb always is present in 
the precipitate. 

Detecting Silver in Presence of Lead, Johnstone {Chem. NewSy lx„ 
309). The metals are reduced to a button by fusion with alkaline carbon- 
ate in the blow-pipe flame, the button dissolved in HNO,, the excess of 
acid nearly neutralized, and a strip of zinc and another of copper im- 
mersed in the solution. The silver will be deposited on the copper, 
while the lead goes to the zinc. They can be scraped or dissolved off 
and the usual tests applied. 

Determining Tungsten tn Metallic Tungsten, Ziegler {Chem, News, 
Ix., 272). If heated in contact with platinum, the tungsten attacks that 
metal. However, by throwing the finely divided metal upon the sur- 
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face of ammonium nitrate in a state of fusion in a platinum dish, a super- 
ficial oxidation is effected, and the oxidation may be quickly completed 
by heating with access of air without danger to the platinum. 

Electrolytic Separations. Cd from Cu — Mn. Smith and Frankel 
{Jour, Franklin Inst,, August, 1889). A complete separation of Cd from 
Cu was effected in a cyanide solution, when the current of proper 
strength was used (0.28 c.c. oxyhydrogen gas per minute). 

In solutions containing Mn, if potassium sulpho-cyanide was added in 
excess, with a feeble current, the metal was deposited upon the electrode 
attached to the negative pole. The metal was, however, very prone to 
oxidize. 

Electrolytic Analysis with Pyrophosphate solutions. Brand (Fres, Zts. 
Anal, Client,^ xxviii., 581). Alkaline pyrophosphates (as Na^PjO,) with 
most metallic salts, give a precipitate soluble in excess of the reagent, in 
which precipitates are formed on rendering them weakly acid. On 
electrolyzing, they also become faintly acid and deposit a precipitate. 
Solutions which could be electrolyzed were, however, obtained by add- 
ing sufficient sodium pyrophosphate to give a metallic pyrophosphate, 
and then adding ammonia or its carbonate. 

The metals which could be quantitatively separated by this means are 
mentioned in the table below. The precipitated metals should be washed 
with water, then with alcohol, dried and weighed. The figures express- 
ing the strength of the current best adapted for the work are given in 
c.c. of oxyhydrogeifi gas per minute.. 

Metals separated best by solution of pyrophosphate precipitate in am- 
monium carbonate: 



1 


Strength of current, cCj Remarks. 


Ni 


20 Hastened by warming. 


Co 


20 


Like Ni. Wash before breaking the current. 


Fe 


20-30 


Ferrous or ferric NELOH cannot be used. Wash before 




breaking the current. 


Zn 


Beginning 5 to 10, 




ending 15 to 20..!lf Fe also present, the metal is only completely separated 




if the Fe is in great excess.' Wash before breaking the 




current. 


Hg 


2 Mercuric form must be used. I grm. metal precipitated inj 




; five to six hours. NH^OH may be used instead of car-, 






bonate. Wash finally with ether. 


Bi. 


Beginning 0.1 to i, 
increase gradu- 






ally to 2 to 3 


To acid solution add three to four times as much Na.P-0, 




as will suffice to form the double salt, neutralize exacUyi 




with ammonia-carbonate and then add 3 to 5 grms. (NH^), 




QO^ Precipitation slow. 



For Cd the addition of a large excess of ammonia is the best. For 
the first few seconds the strength of the current should be 2 to 3 c.c, 
after that 0.3 to i cc, at the end about 5 c.c. 

For Mn, a dilute solution and weak current (o.i to 0.4 c.c.) is best. 
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Amnjonia is preferable to the carbonate. The metal is separated upon 
the anode as MnO,. It should not be washed with alcohol, but is dried, 
ignited and weighed as Mn^O^. 

With Cu, Ag, Sn, Pb, Tb and Sb unsatisfactory results were obtained. 

Methods for separating certain mixtures of the above metals by elec- 
trolysis are described. For these the original paper must be consulted. 

Hydrogen Sulphide in aqueous solution. Fauser {Chem. Cenfr,^ 1889, 
754). The solution is delivered at the bottom of a flask containing a 
known quantity of solution of bromine (prepared from KBrOj by HCl 
in presence of KBr), an excess of KI added, and the liberated iodine 
titrated with thiosulphate. 

Sulphur in Irons. Meinecke (^Rev, Univ, des Mines, etc. [3], vi., No. 
i) recommends an evolution process in an atmosphere of hydrogen. 
The products of the reaction are passed into alkaline solution- of 
H,Oy l^Wty c.c. of H,0, solution at 2.5 per cent, with 10 c.c. soda lye 
(i in 3). The acid for solution of the iron consists of i vol. HCl (sp. 
gr. 1. 19) with I vol. water. It is allowed at first to act in the cold, 
and heat is only applied at the close of the operation. In the solution 
the S is precipitated by BaCl, as usual. 

Decomposition of Sulphides. Jaunasch {/our. Pr. Chem. [2],xl., 230). 
Dry air is charged with bromine by passing it through 50 c.c. of the 
element in a Drechsel drying cylinder. The Br vapor is then passed 
over the (heated) mineral in a boat enclosed in a piece of combustion 
tubing, and finally through a mixture of equal volumes of HCl (i to 4) 
and 10 per cent, tartaric acid. The absorbent is treated with excess of 
bromine to decomjx)se sulphur bromide, and the sulphur now as sulphate 
precipitated by BaCl^. In the filtrate Sb and As are separated and deter- 
mined, while Pb, Cu, Ag, etc., are found in the boat, and may be deter- 
mined by known methods. 

By using fuming nitric acid instead of bromine, the sulphur in pyrites 
may be conveniently oxidized and determined. The temperature of the 
boat is gradually raised during the process, the gases being passed into 
bromine water. 

Sulphur in Pyrites. Lunge (Z/x. Angew. Chem., 1889, 473) finds: 
I. That a correct determination of S as BaSO^ is not possible in pres- 
ence of iron. In this he confirms the observation of Jaunasch and Rich- 
ards {vide Quarterly, xi., 76). 2. That the iron may be completely 
^parated (free from sulphate) by precipitating with a moderate excess of 
ammonia. 

Sulphur in Burnt Pyrites. Watson's (^Rev. Univ. des Mines y etc. [3], 
vi.. No. 2) method is reported to be fairly accurate. Two to three 
grms. of the finely pulverized materia! are mixed with i to 2 grms. hy- 
drogen sodium carbonate of known alkalimetric value, heated for five to 
ten minutes in a crucible, then stirred and again heated more strongly 
for fifteen minutes. The mass is then extracted with boiling water and 
the solution titrated with standard acid, using methyl orange as indi- 
cator. The amount of alkali neutralized by the pyrites is the measure 
of the amount of sulphur present. 
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Sulphur in Organic Compounds, Burton {Am, Chem,Jour,y xi., 472) 
proposes a modification of Sauer's method in which the substance is 
burned in a current of oxygen, the products of the combustion absorbed 
in standard KOH solution, and the solution titrated back with standard 
sulphuric acid, using Tropaeolin 00. (methyl orange) as indicator. 

Hydrofluoric Acid as a Reagent, Siliceous minerals, etc., according 
to Craig {Chem, News, Ix., 227), are best decomposed by heating i or 2 
grms. of the finely pulverized sample with a sufficient quantity of sul- 
phuric acid (1:1) and about 3}^ grms. pure HFl in a platinum cru- 
cible, and then dissolving in concentrated HCl. The HFl requires 
purification by distillation before it can be used. When heating with 
the mineral it is absolutely necessary that the heat should be maintained 
until H,SO^ is evolved. White fumes toward the finish may consist 
partially or entirely of HFl. 

The author asserts that by this mode of decomposing, more accurate 
results can be obtained. 

Hamilton {Ibid,^ p. 252) describes a convenient form of apparatus for 
distilling the I^Fl. 

Free Chlorine in Hydrochloric Acid, LeRoy {Bull, Soc, Chim, [3J, 
ii., 729). Diphenylamine gives a blue coloration in hydrochloric ac^d 
if the most minute trace of free chlorine is present. 

Estimating Bromine in presence of chlorine, {/our. Anal. Chem,, 
*"•> 373)- Prescott and Dunn give a rSsume of some of the most impor- 
tant papers relating to the methods which they have tried, which were : 
I. Weighing the mixed silver salts — weighing the silver therefrom and 
calculating the proportion of Br. In this method the metallic silver was 
obtained by electrolysis of a cyanide solution of the precipitate. 2. Dis- 
tilling with chromic and sulphuric acids under specified conditions. If 
iodine is present it is distilled off, and may be estimated before adding 
the sulphuric acid to the distilling flask. After this stage, if the con- 
tents of the flask are not allowed to become too concentrated, no chloro- 
chromic acid distils over. The distilling flask is charged with 50 grms. 
K,Cr,Oy, 100 c.c. water, and 0.5 to 2 grms. of the material to be tested. 
After the removal of the iodine, 10 c.c. of sulphuric acid diluted to 20 c.c. 
are added. The contents of the flask are kept at about 100 to 120 c.c 
throughout. The distillate is caught in AsaO, solution and titrated. 
Thirtieth normal AS2O, gave better results than a stronger solution. The 
results by both methods are very satisfactory. 

Bromine in presence of chlorine and iodine. McCulloch {Chem, 
News, Ix., 259) proposes a method depending upon these facts: i. HCl 
containing sufficient MnCl, reacts with permanganate, affording Mn,Clg 
and no chlorine, and this compound is unacted upon by HCy. 2. Br 
and I free, or combined with hydrogen reduce Mn,Clg, being converted 
to chlorides (ICl and BrCl). 3. These three halogens and their com- 
pounds with each other are reduced by HCy, affording the cyanogen 
compound of the halogen. For details the original paper must be con- 
sulted. 
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Water Analysis, 

The committee of the British Association for the Advancement of 
Science, appointed to consider the question of a uniform system of re- 
cording the results of water analysis, have reported in favor of a decimal 
system of reporting (either in parts per million, per hundred thousand, or 
per thousand). Preference is expressed for the second (parts per 100,000). 

They recommend for Potable Waters. 

Total solid matters. {-{jSSf" 

Organic carbon. 

Organic nitrogen. 

Oxygen consumed as indicated by decoloration of permanganate. 

Ammonia expelled on boiling with sodium carbonate. 

Ammonia expelled on boiling with alkaline permanganate. 

Nitrogen as nitrates and nitrites. 

Chlorine. 

( Temporary. 
Hardness. -< Permanent. 

( Total. 

For Mineral Waters: 

Carbonate of lime (CaCO,). 
Carbonate of magnesia (MgCOj). 

Carbonate of soda (Na,COj) (calculated from residual alkalinity after 
boiling and filtering off precipitated CaCO, and MgCO,). 
Total calcium (Ca). 
Total magnesium (Mg). 
Total potassium (K). 
Total sodium (Na). 
Iron (Ferrous") (Fe"). 
Iron (Ferric) (Fe,). 
Sulphuric radical (SOJ. 
Nitric radical (NO,). 
Nitrous radical (NO,). 
Phosphoric radical (POJ. 
Silicic radical (SiO,). 
Chlorine (CI). 
Bromine (Br). 
Iodine (I). 
Sulphur as sulphide (S). 

Dissolved gases : 

Cubic centimetres of gas at o*' C. and 760 mm. in i litre of water. 

Carbonic anhydride (CO,). 

Oxygen (O). 

Nitrogen (N). 

Sulphuretted hydrogen (H,S). 

Examination of Boiler-Feed Waters. Vignon (i?«//. Soc. Chim, [3], 
ii., 596). 

To determine CO, 50 c.c. is taken in a test-glass, and 10 drops al- 
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coholic solution of phenol phthaleine added, also 5 c.c. of a 5 per cent, 
solution of CaClg (absolutely neutral). The latter is in order to con- 
vert to MgCl, any of the magnesium carbonate which may be present. 
The mixture is then titrated with a saturated solution of calcium hy- 
drate (containing 1.8 grms. Ca(OH)j per litre at 15° C). Frequent 
shaking is required, especially toward the end of the operation. The 
titration is overrun a little, and by the use of a comparison liquid in 
another test-glass, to which a known amount of the lime solution and 
10 drops of phenol phthaleine has been added, the bulk having been 
made the same by addition of distilled water, the amount by which it 
has been overrun is ascertained, colorimetrically. Allowing as margin 
of 20 per cent, for impurities in the sodium carbonate used, every c.c. 
of lime water consumed would indicate the necessity for the use of 
about 0.00308 grm. commercial sodium carbonate to overcome the in- 
crustating effect of mineral matters held in solution by the carbonic acid 
of the water. 

To determine the amount of sodium carbonate necessary for the trans- 
formation of chlorides and sulphates present, 100 c.c. of the water is 
taken, the carbonic acid neutralized by addition of the necessary amount 
of lime water as found by the first test, 5 c.c. of phenol phthaleine solu- 
tion added, and the solution, which should now show no color by shak- 
ing, filtered or allowed to settle. To 50 c.c. of the clear solution, sodi- 
um carbonate solution (containing i grm. per litre), 4s added from a 
burette until the alkaline color is persistent. A comparison liquid may 
be used as before. If much magnesia salts are present, the end-reaction 
may be a little uncertain. This case is, however, exceptional. 

Nitrites in Water. Wurster (^Berichte, xxii., 1909) finds that the ad- 
dition of ammonium acetate causes a more rapid development of the 
color in Griess's methods of testing. {Berichte, xi., 624, and xii., 427). 

Nitrates in Potable Waters. Rideal {Chem. News, Ix., 261) describes 
his way of operating the ** phenol-sulphuric-acid" method (depending 
* upon the formation of ammonium picrate), and gives a comparison of the 
results obtained by this and by Hooker's carbazol method {vide Quar- 
terly, X., 379). rhe results are satisfactorily concordant. 

Oxygen in Water, Miiller {Chew. Zeit., xiii., 1 188) asserts that a de- 
termination of the dissolved oxygen when the water is fresh, and another 
one after it has stood for some days out of contact with the air, is the 
only satisfactory way in which it can be decided whether a water con- 
tains decomposing organic matter. 

The method used consists in adding solution of pure MnSO^, followed 
by caustic soda or potash. Higher oxides of manganese are formed in 
virtue of the presence of the dissolved oxygen, and on adding hydro- 
chloric acid containing KI, a proportional amount of free iodine is lib- 
erated and may be titrated. Access of air must be prevented through- 
out. 

Lead Poisoning by Water, The water-supply of Dessau, Germany, 
which was extremely soft, was found to dissolve lead from the service- 
pipes, so that when first introduced, several cases of lead poisoning were 
caused by it. Agitation with finely powdered limestone was found to 
remedy the difficulty. 
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The advantage gained seemed to be due, not to the increased hard- 
ness, but to the removal of carbonic acid. The plan at present pursued 
is to agitate about ^ of the whole supply with 200 c.c. of the powder 
every two minutes, and then to mix the water thus treated with the re- 
mainder of the supply. This is reported to be effectual in prevent- 
ing the action upon the lead service- pipes. 

On Incinerating Vegetable Matter. Lechartier {Comptes Rend,, cix. 
727), finds that a considerable proportion of the sulphur present is lost 
by volatilization. Phosphorus is volatilized to only a very slight ex- 
tent. For the determination of the latter, however, it is recommended 
to moisten with milk of lime, dry and incinerate. 

Mineralogy, by A. J. Moses. 

BouRNONiTE, in Arizona, 

Described by W. P. Blake as occurring sparingly in characteristic 
crystals, with pyrite, sphalerite and chalcopyrite, at the Boggs Mine, Ya- 
pavai County, Arizona. — Amer. Journ, Set., xxxix., 45, January, 1890. 

Bruiachite, Identical with Fluorite. 

Prof. M. F. Heddle proves that bruiachite of Wallace is identical in 
composition, crystalline form and specific gravity with fluorite. — Min. 
Mag., vol. viii., p. 274, October, 1889. 

Calamine, Origin in Clays 0/ Missouri. 

What are called ** tallow clays'' and ''joint clays " occur in every 
calsCraine digging in southwestern Missouri. 

The ** tallow clays** occur in layers and lumps above, below, inter- 
mixed with and even enclosing the calamine. When mined they are 
flesh-colored or light red and brown. They are fine grained, very greasy 
and plastic, and, under the microscope, appear to be homogeneous. 
On air-drying they crumble into small fragments, which yield water in 
the closed tube, fuse on coal at about 3, becoming white or gray and 
giving a zinc coat. With HCl they gelatinize. The amount of zinc 
oxide varies from about 20 to 40 per cent. 

The "joint clays *' are usually found nearer the surface, though some- 
times filling the crevices of the massive calamine. They are red in color, 
tougher and coarser than the tallow clays and contain from i^ to 14 
per cent, of zinc oxide. They do not always gelatinize in HCl, but 
behave like the •* tallow clays '* before the blow-pipe. 

It is presumed that all the calamine once existed in southwestern 
Missouri as tallow clays precipitated from solutions by the reaction of 
zinc sulphide with hot siliceous waters. By filtration of waters the zinc 
silicate has been and is still being removed and crystallized as calamine, 
leaving the clay as ** joint clay.** — W. H. Seamon, in Amer. Journ, of 
Sci., vol. xxxix., p. 38, January, 1890. 

Cohenite, Weinschenk {Fe,Ni,Co\C, Isometric (J) 

Indistinct brittle crystals of tin-white color occurring in the Ma- 
gura, Arva, meteorite. H = 5.5 to 6. G = 6.977. Fe 39.78 Co,Ni 53, 
57 C. 6.65 =B 100. — Ann. Mus, Wein,, iv., 93, 1889. 
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Copper, Pseudomarphs from Arizona, 

At a depth of about 40 feet in the ** Copper Glance and Potosi *' 
Mines, Grant County, New Mexico, the carbonates of copper are replaced 
by an ore which has the appearance of metallic copper, but is very brit- 
tle and has a specific gravity of only 4.15. It is in part tabular crystals 
resembling azurite and is intermixed with a kaolin. It is supposed that 
spongy copper was produced by the reduction of azuri(^, and that soft 
kaolin was forced by pressure into the pores of the sponge, this account- 
ing for the brittleness and the low specific gravity. — Amer, Journ, Sa., 
vol. xxxviii., p. 405, November, 1889. 

Corundum, tn Virginia, 

Found at Bull Mountain, Stuart, Patrick County, Virginia, in small 
amounts as such, but largely altered to other ipinerals, especially anda- 
lusite, cyanite, muscovite, margarite and chloritoid. — F. A. Genth, 
Amer, Journ. Sa\, vol., xxxix., p. 47,. January, 1890. 

Cyanite, af the Fusion Point of Copper. 

This mineral is not fused, even in powder, by the temperature of 
fusion of platinum ; if, however, it is gradually heated, it soon loses its 
color, though without any other apparent change. When the tempera- 
ture reaches that of the fusion of copper (1200*^ to 1330*^ C.) an expo- 
sure of ten to twenty minutes renders it an opaque dull white, and 
causes it to break into small curved fragments along. the directions of 
cleavage. Usually both sides of the fracture are lined by more or less 
prismatic needles, arranged nearly perpendicular to the break, which 
are strongly doubly refracting. In thick plates the optical properties 
indicate an irregular superposition. 

The chemical properties are not changed. The change in hardness, 
specific gravity and optical properties is very marked. The hardness 
of cyanite differs (characteristically) according to the direction from 5 
on the lateral planes to 7 on the terminal. A table of comparison with 
the two other closely related compounds of Al^iOj will clearly show 
the changes that have occurred : 

Hardness. Density. Extinction Angle. Sign. 

Cyanite (before heating), 5 to 7 3.401 to 3.678 27° 15' to 30° 40' — 

Cyanite (after heating), 6 to 7 3.15 to 3.23 0° + 

Fibrolite, 6 to 7.5 3.045 to 3.286 0° + 

Andalusite, 6 to 7.5 2.85 to 3.165 0° — 

This comparison seems to prove that when cyanite is heated to the 
temperature of melting copper it is changed into some orthorhombic 
mineral, which is more probably fibrolite than andalusite. If this be 
so, it follows that fibrolite ought not to undergo change when heated to 
a high temperature, and that it can be formed at a temperature at which 
the existence of cyanite is impossible. Hitherto andalusite has not been 
artificially made, but fibrolite has been, at very high temperature, and 
experiments show that fibrolite (and probably andalusite) are not 
affected at the temperature of fusion of copper. 
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Another fact of interest is that cyanite is found only in mica schists, 
crystalline stratified rocks, the origin of which is still an enigma. It 
has never been found in any volcanic rock. The foregoing experiments 
seem to indicate that cyanite, as such, cannot exist at a temperature ex- 
ceeding 1200*^ to 1300° C, a temperature altogether too low for the 
volcanic rock formation. It follows that either^he rocks in which cyanite 
is found cannot have formed at a temperature exceeding 1330° C, or 
that the cyanite was formed there later at a lower temperature as a meta- 
morphic product. 

Synthetic experiments, as well as observations, seem to prove that if 
Al,Si05 is found in volcanic rocks at high temperature, it takes the form 
of fibrolite, never of cyanite. — Buli, Soc. Franc, Min.f Tome xii., p. 
447> July, 1889. 

Cyrtolite, at Llano County, Texas. 

Massive and in good tetragonal crystals, with faces rounded ; color, 
dull gray to deep brown; 0^3.652; H about 5. — Amer. Journ, Set,, 
vol. xxxviii., December, 1^89. 

EuDiALYTE, near Magnet Cove, Arkansas, 

In nodular shapes in feldspar" and hornblende; color, fine rose red, 
with yellowish border; transparent; G=« 2.893; ^^5-!-. Easily, 
soluble in HCl, leaving gelatinous silica. In small cavities are minute 
dull green crystals of an unrecognized mineral. — Amer. Journ. Sci., vol. 
xxviii., December, 1889. 

Fergusonite, at Llano County, Texas. 

Occurs in rough broken prisms and masses of interlaced crystals. 
Two varieties are found : 

Mono'hydrated occurs in tetragonal forms, with acute pyramidal ter- 
minations. Lustre, bronze-like sub-metallic ; color, hair brown ; streak, 
dull brown ; fracture, conchoidal ; G =5.67 ; H =6 to 6.5. On heating 
decrepitates and becomes pale olive-green, but is infusible. Decomposed 
by HCl, with separation of columbic acid. 

Analysis in per cent, showed: CbgO^, 46.27; UO3, 1.54; ThO„ 
3.38; A1,0„ 0.09; Fe20„o.98; Y^O,, 42.33 J Pt>0, 1.43; ZnO, 0.24; 
CaO, o.io; MgO, 0.04; (ignition) H^, 1.98; no*" C. H^O, 0.04; F, 
0.91 ; total, 99.33; less = F, 0.38, or 98.95 ; for which the formula 
R,Cb,0,(0H,F), has been deduced. 

Tri'hydrated occurs thinly coating the mono-hydrated variety. Color, 
deep brown to almost black; streak, pale greenish gray; 0=4.36 to 
4.48; H about 5. On ignition turns light brown. Decomposed by 
HCl, with separation of columbic acid. 

Analysis in per cent, showed : Cb^Og, 42.79 ; UOj, 3.12 ; UO,, 3.93 ; 
ThO,, 0.83; Aip,, 0.85; FeA. 3-75 5 Y^. etc., 31.36; PbO, 1.94; 
CaO, 2.74; (ignition) H,0, 7.57; 110° C. HjO, 0.62; F, 0.502; total, 
100.002 ; less O =F, 0.206, or 99.796; for which the formula RjCb^Oj 
(OH,F)ghas been deduced. — Hidden and Mackintosh, Amer, Journ, Sci,, 
vol. xxxviii., December, 1889. 

VOL. XI. — 12 
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GadolinitEj^t^?/// Llano County ^ Texas, 

It is found ^\t miles south of Bluffton, in quartz veins, associated 
with red feldspar, black mica and various ores of the rare earths, espe- 
cially fergusonite, cyrtolite, yttrialite, thorogumraite and nivenite. — 
Hidden and Mackintosh,»-r4w^r. Journ, Set., vol. xxxviii., December, 
1889. 

jAROSiTEf from Utah, 

Occurs at Mammoth Mine, Tustic District, Utah, in minute crystals 
lining cavities in limonite. The crystals are very like cubes of pharma 
cosiderite, but are seen to be rhombohedral on close inspection. Color, 
yellowish brown to dark clove brown ; lustre, brilliant and vitreous. — 
F. A. Genth, Amer,Journ, Sa'.y vol. xxxix., p. 73, January, 1890. 

Knoxvillite, Becker, a Chrominm Sulphate. Orthorhombic. 

Occurs upon redingtonite (q.v.) at the Redington Mine, Knox- 
ville District, California, in rhombic plates of 78° and 102° with cleav- 
ages parallel to oP, 00 P 00, and ooP. — U. S. Geol. Sur. Monog., xiii, 
and Amer. Journ. Set., vol. xxxix, January, 1890. 

Mazapilite, ^Fe^O^, sCaO, ^As^O^, loff^O. 

Powder brownish yellow, made chocolate brown by heating. 
•Feebly translucent and deep red in thin plates. = 3.582. — Bull.Soc. 
Franc. Min., vol. xii, 44, July, 1889. 

Michel-Levvite. 

In a careful examination of about fifty specimens of barium sulphate 
from Perkin's Mill, Canada, Prof. E. S. Dana finds only normal barite 
and doubts the existence of the monoclinic form of barium sulphate de- 
scribed by Lacroix. — Amer. Journ. Set., vol. xxxix, p. 61, January 1890. 

MimuM., /rom Leadville^ Colorado. 

Found at the ** Rock Mine,*' interspersed with cerussite and small 
panicles of galenite. G = 4.55 to 4.59 ; H = 2.5 ; fusibility, = i ; 
lustre, dull; color, bright red; streak, orange red; fracture, cubical. 
Considered to be pseudomorphous after galenite. — J. D. Hawkins, 
Amer. Journ. Set'., vol. xxxix, p. 43, January, 1890. 

Napalite, Beeker, C^H^. 

A mineral resin found with pyrite and millerite in quartz at Phoenix 
Mine, Mayacmas District, Napa County, California. Color, dark reddish 
brown ; consistency of cobbler's wax ; fracture, conchoidal ; H ^ 2 ; 
G = 1.02 ; brittle, inelastic. Softens with warmth of hand so that it can 
be molded and drawn into threads. Becomes liquid at 46*^, yields 
heavy colorless oil at 130*^, boils at 350° — Monog., xiii.; ij.S. Geol. 
Sur.; also Amer. Journ. Set'., vol. xxxix, January, 1890. 

Nivenite, Hidden dr* Mackintosh, ^RO, ^UO^^ zLI^O, 

Found with fergusonite and thorogummite in small amount. Mas- 
sive; color, velvet black ; streak, brownish black ; G = 8.01 ; H =5.5. 
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When heated becomes bluish black. Easily soluble in HNO3 and 
HjSO^ with slight effervescence. 

Analysis in per cent, shows: UOj, 46.75 ; UO,, 19.89 ; ThO., 7.57 ; 
Y,Oj, etc.^ 11.22; Fe,Og, 0.58; PbO, 10.16; (ignition) loss HjO, 2.54; 
insoluble, 1.22 ; ^total, 99.93 ; from which the above formula is calculated. 
Named after the prospector, Mr. William Niven. — Amer, Journ. Sa\, 
vol. xxxviii, December, 1889. 

PsEUDOBROOKiTE, KocA, F^'\{Ti0^y Orthorhombic, 

This rare mineral has been found in large crystals, up to Yi inch 
in thickness and several inches in length, at the kjerulfine locality, 
Haverdal Bamle, Norway, penetrating the kjerulfine, which in turn is 
surrounded by reddish apatite. The associates are a red unknown 
mineral, quartz, menaccanite and the so-called tschermakite. 

G = 4.390; powder reddish-brown ; decomposed very slowly by HCl. 
Analysis showed absence of MgO, Al^Og, CaO, and FeO, the material 
consisting of Fe,03, 56.42; TiO,, 44.26 percent.; corresponding closely 
to the formula of a normal titanate of ferric iron, zYt^f)^, 3Ti02, which 
would require Fe^O,, 56.54; TiO,, 43.46. — A. Cederstrom, GrotfC s Zeit, 
/. Kryst, xvii., 133, 1889. 

Quartz, variety Beekite. 

Beekite, so named after Dr. Beek, Dean of Bristol, and incorrectly 
called Beekite by Dufrenoy, has hitherto been considered a quartz 
pseudomorph after coral, etc. It consists of fragments of Devonian 
limestone on the exterior of which botryoidal and concentric chalcedony 
is found, and sometimes of simple chalcedonic shells, the limestone hav- 
ing entirely disappeared. The tubercles of chalcedony stand out from 
the surface only as far as the limestone pebble originally extended, sug- 
gesting that the Beekite is ioimtd just within the fragment and is brought 
to light by the removal of the unsilicified shell. It is therefore only a 
chalcedonic chert formed by replacement a little way below the surface of 
pebbles and angular fragments of limestone, but generally extending to no 
great depth, so that when the calcareous portion has been weathered away 
the siliceous part remains as a shell. It is sometimes, but not usually, 
pseudomorphous after fossils. — T. M. M. Hughes, in Mm. Mag., vol. 
viii., p. 265, October, 1889. 

Raphisiderite, Scacchi, Fe^O^ 

Acicular crystals from Pianura and Fiano which have a rhombic 
section and angle of 72^°. Possibly only hematite. — Amer. Journ. Sci.y 
xxxix., 74, January, 1890. 

Redingtonite, Becker^ a Hydrous Chromium Sulphate. 

Occurs at a depth of 150 feet in the Redington mine, Knoxville 
District, California, in fine fibrous masses of a pale purple color. Re- 
garded as the result of solfataric action on chromite. On heating loses 
water and is converted into Knoxvillite. — Monog.^ xiii. ; U. S, Geoi, 
Surv., and Amer, Journ, Sei., vol. xxxix., January, 1890. 

Thorogummite, Hidden and Mackintosh^ ThSiO^ + 2H,fi. Tetra- 
gonal (;). 
Occurs with fergusonite and cyrtolite in very small pieces, usually 
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massive, rarely in groups of zircon-shaped crystals. Color, dull yellowish 
brown ; H = 4 to 4.5 ; G = 4.43 to 4.54. On heating becomes dull 
green, easily soluble in HNO3. 

Analysis in per cent, shows : SiOj, 13.085 ; U0„ 22.43 ^ ThOj, 41.44 > 
Al.Oj, 0.965; Fe.Oa. 0.845; (CeY)303, etc., 6.69; PbO, 2.16; CaO, 
0.41 ; H,0, 7.88; PjOg, 1. 19; moisture, 1.23; total, 98.325. 

Named thorogummite because it is a gummite in which the water has 
been replaced by the thorite molecule. — Hidden and Mackintosh, Amer, 
Journ. Sci,y vol. xxxviii., December, 1889. 

Warrenite, Eakins, j{Pb,Fe)S . 2Sb^Sy 

'From "Domirgo*' mine, Gunnison Co., Col. Aggregates of 

small acicular crystals forming matted wool-like masses. Color, grayish 

black. Gangue highly decomposed siliceous material with sortie calcite. 

Named by L. G. Eakins after Mr. E. R. Warren, of Crested Butte, 

Colorado. — Amer, Journ, Sa'.^^xxv'i,, 450, December, 1888. 

WURTZITE AND SPHALERITE. 

The so-called ** Schalenblende,'' micaceous or foliated varieties of 
xinc sulphide, have been carefully examined by J. Nolting'to determine 
their relation to the isometric sphalerite and the hexagonal wurtzite. 

Although thick sections of sphalerite show double refraction, in thin 
plates it is isotropic, while thin plates of wurtzite are distinctly doubly 
refracting and positive. 

I. The **Schalenblende*' of the following localities consisted essenti- 
ally of wurtzite : 

Pribram, so-called spiauterite. 

Diepenlischen near Aix; schalenblende alternating with galenite, 
pyrite and calcite, consists of fine hexagonal needles occurring perpen- 
dicular to the surface. 

Cerro de Casna, Bolivia, shows brown and yellowish white streaks which 
consist of wurtzite fibres of varying density. 

Geroldseck in Baden; black and red layers; the black, galenite; the 
red, thick radiating needles of wurtzite. 

Liskeard, Cornwall ; thin incrustation of radiating needles with a net- 
like mixture of darker minerals. 

Tavistock ; a kernel of pyrite surrounded by stalactitic shell, the clearer 
layers being radial needles of wurtzite, the remainder a crystalline aggre- 
gate of wurtzite. 

Huel Unity, Cornwall; incrustation of scales of wurtzite. 

Pontp^au ; concentric fibrous aggregate of pure wurtzite. 

II. The following Schalenblende were essentially sphalerite: 
Christiana ; black micaceous blende. 

Yakil, Chili; similar compact blende. 

Pontgibaud ; brown granular aggregates. 

Friedensville, Pa. ; dense sphalerite containing occasional doubly 
refracting spangles, probably wurtzite. 

Raibl ; in the brown bands there appear occasional wurtzite needles. 

Albergheria Velha, Portugal ; granular sphalerite with interpenetrat- 
ing streaks of a mineral rich in iron. 

Caesar Mine, near Beuthen. 
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Rabodteard; yellow and gray layers intermixed with galena, texture 
granular to dense. 

Bleiberg, Carinthia. 

Corphalie, near Luttich; resembles that of Altenberg, but contains no 
wurtzite. 

III. The following Schalenblende were mixtures of sphalerite and 
wurtzite : 

Stolberg, near Aix ; wave like layers of galenite and zinc sulphide, 
the latter consisting of wurtzite needles, often reaching into the sphalerite 
mass. 

Welkenraedt, near Aix ; similar to the preceding, but chiefly layers 
of zinc sulphide, of which part is wurtzite needles, part sphalerite. 

Lindenbach, near Ems ; layers of galena, brown sphalerite and clear 
wurtzite ; a single spot of the ground-mass of sphalerite is changed to 
wurtzite. 

Scharley, near Beuthen Silesia; granular sphalerite, with inter-pene- 
trating bands of fibrous wurtzite. 

Maria, near Miechowitz ; dense mixture of granular sphalerite and 
galenite, thickly interspersed with particles of wurtzite, especially in the 
brown streaks. 

Wiesloch, Baden ; granular and compact bands, the latter doubly 
refracting; small wurtzite needles also in the granular. 

Schmalgraf Mine, near Altenberg ; wide bands of fibrous wurtzite, 
alternating with layers of dense sphalerite in the former; also sphalerite 
particles in which the needles of wurtzite are interlocked. 

Brilon, Westphalia ; granular sphalerite, containing interspersed doubly 
refracting particles and, near fractures, showing fibrous structure. 

In these mixtures, especially the Stolberg, the treatment of sections 
for a few seconds with cold concentrated HCl, in which wurtzite is more 
easily soluble than sphalerite, thereby producing an etching. 

Generally speaking, fine radiated "schalenblende" is wurtzite. — 
Groth's Zettf, KtysL, vol. xvii., 220, 1889. 

YTTKiAiATEf from Llano County, Texas. 

Occurs often upon the gadolinite, with a characteristic orange-yellow 
surface alteration and internal olive-green color, tending in places to a 
drab shade, and with minute lines which premeate the mineral in all 
directions. Neither crystals nor cleavage have been noticed. 0=4.575 ; 
H^5 to 5.5. Soluble in HCl. When heated decrepitates and falls to 
powder, becoming snuff- brown, but is infusible. Analysis in per cent, 
shows: SiOj, 29.17; PbO, 0.854; ThO,, 12.00; MnO, 0.77; FeO, 
2.89; CaO, 0.60; AljOj, 0.55 ; Ce^O,, 1.86; total yttria earths, 46.50 ; 
(LaDi),08, etc., 2.94; UO,, 0.83 ; (ignition) loss, 0.79 ; total, 99.754. 

Regarding the loss by ignition as non-essential, the oxygen ratio of 
all the bases to silica is exactly 3 : 4, which leads to the formula RjOj, 
2SiO,, in which R^O, may be replaced by its equivalent in RO, RO, or 
RO,. There is no simple ratio between the sesquioxide and other bases. 
This mineral therefore differs from gadolinite in containing twice as 
much silica. — Hidden and Mackintosh, Amer. Joum. Set., vol. xxxviii., 
December, 1889. 
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The Devfxopment of the Philosophy of the Steam Engine. An Historical 
Sketch, by R. H. Thurston. New York : John Wiley & Sons. 1889. 

When the British Association for Advancement of Science met in 
Montreal in 1884, a paper by this author was presented to give a sum- 
mary of the development of the theory of the steam engine from the 
foundation of the present science to the date of that meeting. This 
paper, somewhat amplified and extended, constitutes the bulk of the 
sketch under review. It calls attention principally to the historical 
side 6f such a compilation of data, as marked by the names of master- 
minds in this department of science, rather than to facts and conclu- 
sions which can be of service directly to the practitioner. Such a re- 
view, however, has a distinct purpose, and for busy men in certain lines 
of work it has a distinct use. Without knowledge of the limitations 
which theoretical investigations have brought to light, it is not nearly so 
safe nor so courageous a matter to undertake engine construction of un- 
usual type or proportion under the present competitive conditions where 
a guarantee of performance is exacted from the builder. To have the 
names and work of those who have discovered or elucidated these limit- 
ing conditions thus brought out together may be expected to prove not 
without value. 

The author very happily divides the period of the growth of the present 
steam-engine theory into three periods: That covered by Watt, Smeaton 
and others, when investigation along theoretical lines was incomplete 
and inaccurate, and systematic theory was in early stages, but practical 
<lata of experience were accumulating ; second, the period of exact and 
correct thermo-dynamic investigation along mathematical lines, but 
somewhat independent of the practical limitations : this was the period 
of the earlier work of Clausius and Rankine; third, the present period, 
where the limitations of accurately observed practice and experiment 
are combined with the <i /rrV/ thermo-dynamic deductions, to bring out 
a true theory and philosophy for a Real engine. This is the period of 
Hirn, Hallauer, Clark and Tresca in Europe, and of Corliss, Isherwood, 
Emery, Porter and Leavitt in this country. 

Historically, the firpt beginnings of the present science of steam were 
the consequence of the work of Count Rumford, in 1796-9, and of Joule, 
in 1843, t)y whicli the mechanical theory of heat was demonstrated and 
evaluated. Credit is also given to the later work of Rowland at Balti- 
more in redetermining Joule's equivalent. On this foundation is 
based the Science o.f Thermodynamics, presented to the scientific world 
by Rankine in England and Clausius in Germany, almost simultaneously 
in 1847. This science, however, based on the quantivalence of heat 
and mechanical energy, is competent only to determine part of the heat 
consumption in a steam engine. The proportion of heat in the form of 
molecular energy sent forward to the engine from the fire in the boiler 
furnace which is expended by transformation into work or into mass 
energy, and the second part which is expended as waste necessarily oc- 



Digitized by VjOOQIC 



BOOK REVIEWS. 183 

curring when such temperature changes occur, can be calculated by 
thermo-dynamic formulae ; but the loss by radiation outside of the en- 
gine, and the loss by transfer to exhaust in the recurrent phenomena of 
internal condensation and re-evaporation in the cylinder are very con- 
siderable expenditures of which purely thermo-dynamic propositions take 
no account. A complete theory, however, and a true one therefore must 
take account of j// conditions which affect the problem, and hence there 
has been occasion for the work of later investigators in this same and 
broad field. In 1824 Sadi-Carnot, uncle of the present head of the 
French Republic, published his theorem, which is known as the '* Car- 
not Cycle," and which shows the successive expansions and compres- 
sions in the working fluid during one revolution or cycle of an engme. 
Clapeyron afterward represented this succession of phenomena graphi- 
cally. In 1835 ^^^ Comte de Pambour investigated the problem of 
maximum efficiency of the steam engine, and brought out the fact that 
the efficiency of the working fluid is one thing, and the efficiency of the 
engine as a whole and in its relation to the coal consumption was another. 
Clausius re-wrote and amplified his earlier demonstrations in 1856, and 
Rankine's monumental text-books are the products of later investigation 
based on a fuller knowledge of what practitioners could attain. The in- 
fluence of Randolph and Elder upon Rankine is well known and ap- 
preciated in his own city. His work on steam-jackets and on special 
and at that time less usual forms of heat engine are still the standards of 
the profession. 

In evaluating the actual losses, the names of practitioners are ob- 
viously those which will stand at the head. Watt, Tredgold and Smea- 
ton in England, before De Pambour's time, D. K. Clark later in 1855 
and 1877, and Perkins and Humphreys also in England; Isherwood, 
Emery, Loring, Bourne, Him, Combes, Verdet, Woirhays, Leloutre, 
Escher, De Freminville, Hallauer and Dwelshauvers-D^ry form another 
list of names of experimenters who were able to see more of the actual 
procedure in engine-working than had been appreciated by the pure 
theorists. Perhaps Prof. Cotterill of the writers is the one who treats the 
phenomena of extra thermo-dynamic losses most fully in recent litera- 
ture. 

Of course such a philosophy must still be incomplete, and data are 
still needed in many directions to supplement what is, in the hands of 
engineers, for induction. The compound engine, and its development 
into the multiple-cylinder engine with high and sub-divided expansion, 
also stand with series of data, but inexactly determined for a long series 
of sizes and proportions, but each year adds something to the store. It 
is certain, at any rate, that the data and present theory can be made to 
serve as a check upon experimental determinations of efficiency, and as a 
guide to approximate computations in advance as to probable heat, 
steam and fuel consumption. F. R. H. 

Catalogue of Minerals and Synonyms Alphabetically Arranged for the 
Use of Museums. By T. Egleston, Ph.D. 198 pp. Washington, 1889 {Bulletin 
U. S. National Museum, No. 33). 

** A complete alphabetical list of minerals and their synonyms, taken 
from the study of mineral collections of several mining schools and a 
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large number of works on mineralogy. A simple chemical formula is 
given for the composition of the minerals, and the crystalline system is 
also given. On account of the great confusion which exists in describ- 
ing the same mineral, there are often a large number of names for it, 
and this book will be of the greatest possible use to every one studying 
mineralogy.** — Berg und Hiitt Zeitung, November i, 1889. 

" The author has industriously brought together a large number of 
mineral names and synonyms from many sources, and although no criti- 
cal treatment of them is attempted, collectors will find the work very 
useful.** — Amer.youm. Science, DGcembeVf 1889. 

Lessons in, the Structure, Life and Growth of Plants for Schools and 
Academies. By Alphonso Wood, revised and edited by Oliver R. Willis. (8vo. 
pp. 220, New York, 1889.) 

This book contains the introductory portions of Dr. Wood's famous 
** Botanist and Florist,** revised and, in part, entirely rewritten by 
Dr. Willis, and issued in a very attractive form. The original edition 
was published over twenty years ago. The progress of knowledge con- 
cerning all the minute portions of vegetable structures has been so great 
during that period that what was then written has now become, to a 
very considerable extent, erroneous, and correction and emendation 
have been necessary parts of the editor's work. We have examined the 
book carefully and can say without hesitation that he has done it well, 
and that it will stand comparison with anything of the same scope which 
has preceded it. The type is beautifully clear, the illustrations, for the 
most part, capital (we do not like No. 526), and many of them new, 
and the treatment of the subject clear and concise. We congratulate 
Dr. Willis and his publishers on the production of a school book which 
must have a large sale. N. L. B. 
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The Quarterly presents in its frontispiece an excellent picture of 
Hon. Seth Low, LL.D., President of Columbia College. 

The installation proceedings at the Metropolitan Opera House will be 
printed by the trustees and distributed to the alumni, we understand, in 
a short time. 

Columbia College Athletic Grounds. — Letter of President Low 
AND Report of the Finance Committee of the Board of 
Trustees. 

New York, February 4, igQo. 

The attention of the Alumni of Columbia College is earnestly called 
to the following letter of President Low's with regard to athletic grounds, 
and the accompanying report of the Finance Committee of the Board of 
Trustees : 

Columbia College, New York, February 4, 1890. 

Prof. J. H. Van Amringe, Chairman Standing Committee of the 
Alumni Association : 

My dear Sir : I ask your reference to the accompanying report of the 
Finance Committee of the trustees, which report was duly adopted by 
the trustees at their meeting in January. By this you will perceive that 
the trustees agree to permit the use of the Wheelock property for athletic 
grounds for the students, provided the alumni and friends of the college 
will do the necessary grading, etc., to put the grounds in proper shape 
for athletic uses. I bespeak the aid of the Association in securing the 
necessary funds for this purpose. I am not disposed to give over-much 
importance to athletics, but I think they have a legitimate place and 
value even from the college point of view. I think it would do much 
to quicken the college spirit among our students to have athletic grounds 
of their own, and I think it would do much to keep athletics in our col- 
lege on their proper basis to have them conducted oti grounds which we 
ourselves control. In many other ways I think we shall find it an ad- 
vantage to the college if this plan can be acted upon. As an expression 
of my own sense of its importance, I am ready to give |iooo towards 
the sum needed. 

Respectfully, 

Seth Low. 

Report of the Finance Committee. — ^The Finance Committee, to 
whom it was referred to inquire and report as to the advisability and 
probable cost of converting the premises belonging to the college, 
known as the Wheelock property, into athletig grounds for the use of 
the students, report as follows : 

The committee have obtained from Colonel John Y. Culyer, formerly 
superintendent of the Brooklyn parks, three plans and sets of estimates 
for the necessary alterations in the grounds. From a careful considera- 
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tion of these plans and estimates, and from other inquiries made through 
Profs. Rees and Goodwin, the cornmittee are of the opinion that if the 
present dwelling upon the property were removed lo one corner of the 
grounds, a field suitable for foot-ball and base-ball, with a running track 
around it, and with ample spaces for lawn tennis, etc., could be provided. 
The probable expense of these improvements would be seventeen thou- 
sand, five hundred dollars (117,500). 

It has been intimated to the committee that this sum, or whatever 
amount might prove to be needed for the proposed alteration of the 
grounds, would probably be subscribed by some of the alumni or friends 
of the college, provided the trustees would consent to give the use of 
the grounds and would agree to keep them in order, and also upon con- 
dition that in case the college should at any time hereafter sell the 
property, the trustees would devote to athletic purposes in some other 
form an amount, out of the proceeds of such sale, equal to the amount 
subscribed. 

It is the judgment of the committee that the arrangement proposed 
would be a desirable one, and that the trustees should now announce 
their readiness to receive such a subscription. 

Without stating all the reasons which have induced the committee to 
think it wise for the trustees to permit such use of the grounds, it maybe 
observed that the property at present is rented for onlv the sum of one 
thousand dollars (^1000) a year, an amount barely sufficient to pay the 
current taxes. If it can be used for college purposes, it would appear 
exceedingly desirable to do so. It has been the practice of the trustees 
for some years past to appropriate annually money for the encouragement 
of rowing and other athletic sports. The situation of Columbia College 
in a large city makes it specially important that its local disadvantages 
should be overcome as far as possible, and the proposed establishment 
of college athletic grounds would in a large measure accomplish this re- 
sult. The committee is also of the opinion that it is desirable that the 
athletic sports of the students of the college should be carried on to 
some extent under the supervision of regularly constituted authorities. 
Abuses of various kinds jnay otherwise arise, if, as is probable and as 
has been the custom in the past to some extent, the students shall secure 
other grounds for themselves. 

The effect of this use of the property upon its future value must neces- 
sarily be largely a matter of conjecture, but from the information at the 
command of the committee they are inclined to believe that no serious 
effect will be produced, provided liquor be not sold on or in the imme- 
diate neighborhood of the grounds. To avoid this, it will be desirable 
that suitable regulations be adopted in regard to students frequenting 
the grounds, and as to their use upon the occasion of games between 
classes or with representatives of other colleges. 

As to the expense of keeping up the grounds, the committee has been 
assured that the sum of fifteen hundred dollars (J1500) a year would 
amply cover all necessary expenses. These would mainly consist in 
employing a proper custodian for the grounds, who might be permitted 
to live in the house, and an assistant. All other expenses would be of 
a comparatively trivial character. The committee, therefore, are of the 
opinion that the sum of two thousand dollars ($2000) a year may be 
regarded as sufficient to cover the expense which the college would be 
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required to incur. The premises are now in the occupation of Mr. 
Schepp, whose lease expires on the first of May, next. If it be decided 
to permit the use of these grounds for athletic purposes, a definite state- 
ment should be made to Mr. Schepp not later than the first of March ; 
or, if Mr. Schepp shall have decided not to renew his lease, and the 
sum necessary to lay out the grounds be not raised by that time, efforts 
should be made not later than the date specified to obtain another 
tenant. 

The committee, therefore, recommend for adoption the resolutions 
appended to this report. 

Wm. C. Schermerhorn, Chairman. 

W. Bayard Cutting. 

G. L. Rives. 

Charles M. DaCosta. 

F. Aug. Schermerhorn. 
Dated New York, January 6, 1890. 

Resolutions. — Resolved : That the trustees authorize and permit the 
use of the premises belonging to the college, known as the Wheelock 
property, situated near One Hundred and Sixty-first Street and Ridge 
Road, or so much thereof as may be necessary, for athletic purposes 
from and after the first day of May, 1890, during the pleasure of the 
board, under such regulations as may from time to time be approved by 
the trustees ; provided, however, that on or bpfore the first day of March, 
1890, assurances be given, satisfactory to the Finance Committee, that 
a sufficient sum of money has been raised, and will be contributed to 
the college, to lay out said grounds, without expense to the college, and 
in such maunder as the Finance Committee may deem suitable. 

Resolved: That tha Finance Committee be directed to include in the 
Budget for the next fiscal year the estimated expense of keeping the said 
grounds in order, and of maintaining a suitable person as custodian. 

Resolved : That in case the said premises be laid out for athletic 
grounds, and the money needed for that purpose be subscribed by 
friends of the college, if the said Wheelock property be sold at any 
future time, the trustees will devote to athletic purposes in some other 
form an amount out of the proceeds of such sale equal to the amount so 
subscribed. A true copy. 

Gerard Beekman, Clerk. 

The question of the availability of the grounds alluded to for athletic- 
purposes has been carefully examined by the competent judges named in 
the Finance Committee's report. They all agree that the grounds can 
be admirably fitted for athletics of every kind. At the narrowest part 
they will have a width of 375 feet, with an available length of more than 
500 feet. This is an area sufficient to give a fine quarter-mile track ; 
it is also large enough for base-ball and foot-ball, and will provide ex- 
cellent facilities for tennis. The house on the grounds may be made 
available for dressing-rooms, etc. 

It is estimated that the sum of Ji 7,500 will be sufficient to put the 
grounds in complete order. It is proposed to raise 125,000, any 
surplus to remain in the hands of the Alumni Association for athletic 
purposes. 
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Columbia College has long needed and desired athletic grounds and 
a gymnasium. The opportunity to acquire the former, under easy and 
most favorable circumstances, is now afforded. President Low has in- 
voked the aid of the alumni in securing the necessary funds, and has set 
a generous example. Will the alumni remain indifferent to his appeal ? 
Will they not rather eagerly embrace the opportunity to show their ap- 
preciation of the fact of his presidency, and their willingness to support 
him in all efforts for the good of his and their Alma Mater? 

As the necessary funds must be in hand on or before the first of March, 
the response, to be effective, must not only be generous, but prompt. 

Subscriptions may be sent to Alexander B. Simonds, Treasurer, 49 
Wall Street, or to any other of the undersigned members of the Stand- 
ing Committee of the Alumni Association : 

J. H. Van Amringe, Chairman, Columbia College; William G. 
Lathrop, Jr., Vice-Chairman, 71 Wall Street; Frederic R. Coudert, 
President, 70 William Street; George G DeWitt, Jr., Vice-President, 
%% Nassau Street; Charles A. Silliman, 25 Whitehall Street; W. H. 
Butterworth, 115 Broadway; Abraham Van Santvoord, 55 Broadway; 
Nicholas Fish, 120 Broadway; John K. Rees, Columbia College; 
Robert C. Cornell, 54 William Street ; Jasper T. Goodwin, Columbia 
College ; John B. Pine, 50 Pine Street ; W. Fellowes Morgan, Arch 4, 
Brooklyn Bridge; Lincoln Cromwell, i Greene Street; A. B. Simonds, 
Treasurer, 49 Wall Street ; William S. Sloan, Secretary, 26 Exchange 
Place. 

At the dinner of the alumni, on the evening of February 3d, about 
ten thousand dollars (^10,000) was subscribed to the above object. The 
Quarterly urges the graduates of the School of Mines to generously 
help in this matter by their prompt subscriptions. ♦ 

The following notice, received from the Institute of France, was 
printed by Columbia College for the information of the officers and 
students, and is here reprinted for the information of the graduates: 

Institut de France, 

ACADEMIE DES INSCRIPTIONS ET BeLLESLeTTRES. 

Prix Loubat, 

M. Loubat, membre de la New York Historical Society, a fait don a 
TAcad^mie des inscriptions et belles-lettres d'une rente annuelle de 
milU francs pour la fondation d*un prix de trois milk francs^ qui sera 
d^cern^ tons les trois ans au meilleur ouvrage imprimi concernant I'his- 
toire, la g^ographie, Tarch^ologie, Tethnographie, la linguistique, la 
numismatique de TAm^rique du Nord.' 

L* Academic fixe, comme limite de temps extreme des mati^res traitdes 
dans les ouvrages soumis au concours, la date de 1776. 

Ce prix sera d^cern^ en 1892. 

Seront admis au concours les ouvrages publics en langue latine, fran- 
^aise, anglaise, espagnole et italienne, depuis le i** juillet 1889. 

I.es ouvrages pr^sent^ a ce concours devront Stre envoy^s au nombre 
de deux exemplaires avant le 31 d^cembre 189 1, au secretariat de Tln- 
stitut. 

Le laur^at, outre les exemplaires adress^ pour le concours, devra en 
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delivrer deux autres a TAcad^mie qui les fera parvenir, un au Columbia 
College a New York, et Tautre a la New York Historical Society de la 
mftme ville. 

The American Metrological Society, so long presided over by Dr. F. 
A. P. Barnard, elected at its annual meeting, December 27, 1890, the 
following officers for the year 1890: 

President^ B. A. Gould, Cambridge, Mass. 

Vice-Presidents, T. R. Pynchon, Hartford, Conn.; Sandford Fleming, 
Ottawa, Canada ; T. C. Mendenhall, Washington, 1). C; T. Egleston, 
New York City ; R. B. Fairbairn, Annandale, N. Y.; J. H. Van Amringe, 
New York City. 

Treasurer^ John K. Rees, New York City. 

Recording Secretary , John K. Rees, New York City. 

Corresponding Secretary, O. H. Tittraann, Washington, D. C. 

Members of the Council, H. A. Newton, New Haven, Conn;; Cleve- 
land Abbe, Washington, D. C; R. H. Thurston, Ithaca, N. Y.; A. M. 
Mayer, Hoboken, N. J.; C. F. Brackett, Princeton, N. J.; W. F. Allen, 
New York City; Simon Newcomb, Washington, D. C.j S. P. Langley, 
Washington. D. C; E. O. Leech, Washington, D. C; George East- 
burn, Philadelphia, Pa. 

The objects of the society are : 

1. **To improve existing systems of weights, measures, and moneys, 
and to bring them into relations of simple commensurability with each 
other. 

2. " To secure universal adoption of common units of measure for quan- 
tities in physical observation or investigation, for which ordinary sys- 
tems of metrology do not provide ; such as divisions of barometer, ther- 
mometer, and densimeter ; amount of work done by machines; amount 
of mechanical energy, active or potential, of bodies, as dependent on 
their motion or position ; quantities of heat present in bodies of given 
temperatures, or generated by combustion or otherwise ; quantity and 
intensity of electro-dynamic currents ; aggregate and efficient power of 
prime movers ; accelerative force of gravity ; pressure of steam and at- 
mosphere ; and other matters analogous to these. 

3. * * To secure uniform usage as to standard points of reference, or physi- 
cal conditions to which observations must be reduced for purposes of 
comparison ; especially temperature and pressure to which are referred 
specific gravities of bodies, and the zero of longitude on the earth. 

4. **To secure the use of the decimal system for denominations of 
weight, measure, and money derived from unit-bases, not necessarily ex- 
cluding for practical pi^poses binary or other convenient divisions, but 
maintained along with such other methods, on account of facilities for 
calculation, reductions, and comparison of values, afforded by a system 
conforming to our numerical notation." 

These objects should commend themselves to the readers of the 
Quarterly. 

Dame Rumor whispers that the "old buitding" is to be torn down 
this summer; and will be replaced by a fine structure containing a large 
lecture hall and law school rooms, etc. It is important that the new 
building should provide for the extension of the Botanical and Astro- 
nomical departments. 
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Department of Engineering. — Reference was made in the Quar- 
terly for April, 1889, to the opportunity offered to the Department of 
Mechanical Engineering to secure an Emery testing machine on rather 
unusual terms. These terms were that $2000 should be raised in 1889' 
by the professor at the head of that department from his own friends 
and from those of the school, and, on the redemption of that pledge, 
an appropriation from the Board of Trustees, to take effect in the present 
fiscal year of the college, would become available. An attempt to secure 
the amount in larger subscriptions from a few persons, in the spring, 
was succeeded by an effort in the autumn to raise it in smaller instal- 
ments by reaching a larger number among the alumni of the school, 
and it is with great pleasure and pride that the announcement is now 
made that the fund has been completed, and the total amount has been 
turned in to the college treasury and within the year. Of the ^2000 
obligation personally assumed, over ^1600 l^s been subscribed by alumni 
of the school, and beside the individual acknowledgment already made 
to each of the donors, public recognition and thanks are hereby tendered. 
The names of the donors appear in the list below, grouped according 
to the amount paid in : 



W. F. Morgan, 

F. A. Schermerhorn, 

W. B. Caldwell, 
W. B. Kunhardt, 



Daniel J. Leary, 
Charles F. Lacombe, 



E. S. Moffatt, 

F. A. Canfield, 
Charles H. Davis, 



Jno. H. Banks, 
A. L. Burns, 
W. P. Butler, 
H. D. Conant, 
T. P. Conant, 
E. D. Church, Jr., 
Jennings S. Cox, Jr., 
S. B. Downes, 
I. W. Drummond, 
Louis G. Engel, 
Harold Mackaye, 
W. M. Meserole, 
Daniel E. Moran, 
R. Van A. Norris, 



♦Continental Iron Works, 
fW. E. Ward. 

F. R. Hutton, 
fThomas A. Edison, 

E. B. Gould. 

R. W. Hildreth, 
t Robert Hoe, 
W. B. Parsons. 

Leon Mari6, 
Arthur Macy, 
Henry Parsons, 
fA. C. Rand. 

W. E. Hildreth, 
William Hill, 
H. Hollerith, 
Epenetus Howe, 
E. M. Johnson, 

G. H. Johnson, 
L B. Johnsdh, 
William Kelly, 
Henry Lipps, Jr., 
J. H. Maghee, 

B. F. Rees, 

T. W. Ridsdale, 

C. M, Rolker, 
W. A. Shumway, 



♦ Gift of Charles B. and George Rowland and G. N. and S. B. Tibbals. 
t Not alumnus. 
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A. McC. Parker, F. M. Siraonds, 

S. B. Peck, T. B. Stearns, 

James F. Randolph, G. A. Suter, 

S. A. Reed, Bailey Willis. 

V. M. Bracshi, W. G. Eliot, 

T. J. Brereton, H. L. Mollis, 

E. P. Casey, H. H. Porter, 

H. G, Darwin, L. H. Rutherford, 

The full cost of the machine would have been $7200 to any one but 
its present purchaser. It has a capacity for tensile compressive and 
transverse trains up to 151,000 pounds, with all the sensitiveness 
and delicacy of the other machines of the same design. It will be 
erected on special foundations in the south room of the new mechanical 
and electrical building, and it is intended that it shall be available for 
purposes of instruction and professional use at a very early day. For 
those not connected with the school, a tariff-rate will be Charged, which 
will be applied to a fund to extend and develop the laboratory facilities 
and not to remunerate any one officer of the school. Delicate apparatus 
for measurements of stretch have been secured, and the machine will 
have every attachment needed for exact work and research. Its pos- 
session will be a source of pride to the school and the department, and 
will be another occasion and attraction to bring the best talent to labor 
in the school. 

The old Fairbanks machine, which has been in the possession of the 
school since 1873, ^^^^ ^^ entirely taken apart and rebuilt in steel, and 
re-erected. The original machine was one of the very first machines 
built in this country, and progress and experience have indicated, many 
improvements, of which advantage will be taken. Ultimately, if all 
plans are carried out in respect to it, it will be made into as high-grade 
a machine as a knife-edge machine can be made, and will be automatic 
and autographic, or self-registering. The cement-testing laboratory 
will be kept for the present still in the basement of Hamilton Hall, but 
the gauge-testing and indicator equipment, the injector experimental 
tank and the gas and caloric engines will be removed to the new build- 
ing. Since the last bulletin, the mechanical equipment has been in- 
creased by a ten- horse-power Westinghouse high-speed engine, and a No. 
10 Sturtevant, blower, to furnish resistance for engine-tests, and a cur- 
rent of air for experimental purposes. These have been supplied to the 
department at costs so much below the market as to be gifts in fact, if 
not in name. A Wheeler surface condenser is also to be added shortly, 
and when these are supplemented by dynamometers, as contemplated, 
a very complete outfit for practice in engine testing will be available. 

Architectural Department. — The Columbia (Travelling) Fellow- 
ship, founded by Mr. F. A. Schermerhorn, giving every other year an 
income of ^1300, will be awarded this spring. The arrangements are 
now being made and the program prepared for the competition, which 
will occupy three sessions of from six to twelve evenings each in the 
Architectural I>epartment, the intervals of two or three weeks being 
allowed for home study on the problem to be given out. It is intended 
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to assign to construction and office practice a large share of importance, 
and to so select the subject and arrange the details as to make the com- 
petition of real and practical educational value. Those who fail of the 
prize will thus feel that their time has not been wasted, but has been, 
on the contrary, put to the very best use. The first session for prelimi- 
nary sketches will probably occupy the last week in February, and the 
prize awarded in May. 

Prof. Ware has been heard from several times ; after a very rough 
voyage, which he prolonged as far as Naples, he went to Athens, spend- 
ing a short while there, and proceeding thence to Cairo. He reports 
himself as much improved in health. 

Work at the trade schools on First Avenue was begun by the third 
and fourth classes under Mr. Snelling's supervision. Col. Auchmuty's 
generosity in placing the facilities of his school at the disposal of this 
department is thoroughly appreciated. Plastering and carpentry are 
the principle subjects to be studied there this year, by actual practice 
with the tools and materials. 

In Prof. Ware's absence, Mr. Hamlin will probably undertake to give 
a number of weekly illustrated talks on architecture, as was Prof. Ware's 
custom ; the series will probably begin early next term. 

Department of Astronomy. — Prof. Rees has received notice of his 
election to membership in the Pacific Astronomical Society on the pro- 
posal of Dr. E. S. Holden, Director of the Lick Observatory. 

The collection of astronomical photographs and lantern slides has 
lately been enriched by a set of moon photographs made with the great 
telescope of the Lick Observatory. 

Reports received from the expedition sent to Africa to observe the 
eclipse of December 2 2d, indicate that on account of cloudy weather 
during totality no very valuable data were obtained. The United 
States Government has ordered the party to proceed in the man-of-war 
Pensacola, commanded by Captain Yates, to the Cape of Good Hope, 
•thence lo the islands of St. Helena and Ascension ; and at each place to 
determine the acceleration of gravity and the magnetic elements. The 
naturalists, meteorologists, etc., on the expedition, will make good use 
of their time in scientific investigations. L. Harold Jacoby, assistant 
in the Observatory of Columbia College, has been granted an extension 
of his leave of absence, with salary, to June, in order to remain with 
the expedition. 

The Observatory has mounted a collimator for use with the Ruther- 
ford transit. The instrument is made by William Grunow. 

Superintendent's Department. — A plumber and locksmith have 
been added to the force of skilled labor in this department. 

The basement of the president's house has been fitted up with gym- 
nasium apparatus for the use of the boat crews and the fencing club. 

The carpenter shop in the boiler-house extension is now fitted up with 
a circular saw, a \)and saw and wood lathe. These three machines 
being of large size and best workmanship, the shop is now capable of 
turning out any kind of work that may be required of it. 

The first floor of the president's house, which was used last term by 
the electrical school, has now been fitted up for President Low, as the 
president's public and private offices. 
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EXAMINATION OF MINERAL PROPERTIES. 

By prof. H. S. MUNROE. 

The mining engineer, when called upon to examine a mineral 
property, should be prepared to answer the following questions, or 
their equivalent : 

1 . Will it pay to work this deposit f 

2. Hoiv much capital will be required to develop and work the 
property ? 

3. What is the property worth f Do you advise its purchase at « 
the price asked? 

These questions involve more than is apparent at first sight. It 
may sometimes happen that the deposit is so large and rich, or so 
small and poor, that the first and most important of these questions 
can be answered at once. In such cases, however, the services of 
the mining engineer will hardly be required. 

If it is at all doubtful whether the property is workable or not, we 
must ascertain the extent of the deposit, its average thickness and 
the probability of its continuance. We must determine the richness 
and purity of the mineral, and other things having influence on its 
market value. Finally it will be necessary to estimate the cost of 
mining and of preparing the mineral for market, the cost of tran- 
sportation and the probable selling price. Each of these new 
questions Avill suggest further lines of investigation. For ex- 
ample, the cost, of mining will depend largely on the scale of 
VOL. XL— 13 
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operations, and this, in turn, on the extent of the deposit, the 
market for the product, and many other things. 

The value of the property depends on its capacity for earning 
profits or dividends, to determine which demands most careful and 
accurate estimates of capital, working costs and probable produc- 
tion, as well as the time required for the different operations, as 
affecting the question of interest. 

Many, if not most of these things, are usually guessed at. The 
value of the estimates and conclusions in such case depend on the 
guesser's ability and previous experience in the particular kind of 
mining in question, and on his familiarity with the local conditions 
affecting the result. Such guesses are often far from the truth, 
and the consequences disastrous both to the reputation of the 
guessing expert and to those who invest their money on his 
recommendations. 

The object of the present series of papers is to outline a method 
of procedure by which data can be obtained for careful estimates, 
and much of the uncertainty now attending the inception of mining 
enterprises removed. 

It rarely happens that questions involving the scale of operations, 
the amount of capital required and the value of the property can 
be answered definitely, or even guessed at, until the nature and 
extent of the deposit have been determined by exploratory work- 
ings, costeaning ditches, drifts, bore-holes, prospecting shafts, etc. 

Often large amounts of money have to be expended in such 
preliminary work before the true character and value of the deposit 
is known. Sometimes, indeed, it is even necessary to develop and 
work the deposit on a small scale before these questions can be 
definitely answered. 

The examinations made by the mining engineer will then be of 
two kinds. 

1. A preliminary examination of the undeveloped or partly de- 
veloped property to determine whether further exploratory work 
is warranted by the " prospects," and if this prove to be the case, 
to decide upon a systematic plan of exploration which will give 
the desired information as to the nature and extent of the deposit 

2. A final and exhaustive examination of the property to obtain 
data to determine the best method of working, the scale of opera- 
tions, the amount of capital required and the probable earnings 
and consequent money value of the property. 
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Preliminary Studies. 

Before undertaking the preliminary examination the engineer 
should make himself familiar, as far as time and opportunity per- 
mit, with similar deposits in the same region and elsewhere. The 
study of developed properties, their history and the conditions 
under which mining has proved profitable, will be of great service. 
In some regions an ore yielding one or two dollars to the ton can 
be worked with profit. In other regions, under different condi- 
tions, an ore yielding twenty dollars will not pay expenses. In 
this study of similar deposits the engineer should also note care- 
fully the associated rocks and characteristic minerals, the mode of 
occurrence of the useful minerals, and, in general, such features of 
the deposit as influence the value of the property and determine- 
the mode of working. 

In default of opportunity to examine similar deposits, much in- 
formation can be obtained from geological reports, state and gov- 
ernmental ; from the reports made by geologists and engineers on 
adjoining or similar properties; from the transactions of scientific 
and engineering, societies, and from articles and correspondence 
in the technical journals. Finally it is assumed that the engineer 
is familar with the .literature of ore-deposits, and has had practical 
experience in mining operations and in field geology. Nothing, 
of course, can make up for the lack of this knowledge and expe- 
rience. 

Preliminary Examination of the Property. 

In the preliminary examination of the property the following 
objects should be kept in view : 

1. Endeavor to determine the geological character of the deposit, 
as for example, whether it be a regular bed or vein, or an isolated 
mass or impregnation. 

2. Determine carefully the thickness and other dimensions of 
the deposit where exposed; its dip and strike, the occurrence of 
folds, squeezes, faults and other irregularities, and the nature of the 
surrounding or overlying rocks and soils. 

3. Note the relations of the deposit to the surface topography, 
and to the natural lines of drainage and of transportation. 

4. Determine the relations existing between different exposures 
of mineral on the property, and whether they are on the same or 
represent different deposits ; also the relations between the deposit 
and exposed rock-formations. 
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Topographical Survey. 

As a basis for thi^ work a topographical map of the property is 
indispensable. It is only necessary to enumerate some of the pos- 
sible uses of such a map to make this evident : 

1. The relations of the mineral deposits to the property lines 
can be seen ; and steps taken, if necessary, to secure or control ad- 
joining properties before the work of exploration and development 
is begun. 

2. The relation of the different outcrops and developments, and 
whether they represent one deposit or several, can be determined : 
sometimes at a glance. 

3. The area of the portion of the property underlaid by the 
deposit can be measured, and the available areas of mineral at cer- 
tain depths and within certain boundaries determined. 

4. If the geological structure be complicated, all the known 
data can be brought together on the map and sections, and advan- 
tageously studied. 

5. The probable outcrop line can be determined and traced on 
the map as a guide to works of exploration and development. 

6. If necessary, the underground contours of the deposit can 
be determined approximately ; and the probable depth of a shaft, 
or the length of a tunnel, to reach the deposit can then be meas- 
ured on the map. 

7. Roads, bujldings, and all surface works, and in general all 
the works of exploration and development can be much better 
located and planned with the aid of an accurate map than is possible 
without such assistance. 

Surveying Field-Work. 

When the property is small, or the problems simple, a sketch 
map will serve every purpose. This may be based on an outline 
plot from the description in the title papers. 

When time and the importance of the work permit, a careful 
topographical survey should be made. All outcrops of the deposit, 
and of overlying and underlying rocks, should be platted on this 
map in their true positions. From the measurements of dip and 
strike and level it will be possible to construct geological cross- 
sections and to determine the probable lines of outcrop as a guide 
to further exploration. Finally, the costeaning ditches, prospect- 



Digitized by VjOOQIC 



EXAMINATION OF MINERAL PROPERTIES. 197 

ing shafts, and other exploratory workings should be platted from 
time to time on this map and on the sections, that the full import 
of the new developments may be studied as the work goes on. 

When the property is covered with timber and underbrush the 
topographical survey may be made by the rectangular system. 
When the country is open, however, other more rapid and eco- 
nomical plans of work should be adopted. The expert topographer 
will not confine himself to any one system of work, but wHl in 
every case adapt his method to the conditions by which he finds 
himself surrounded. 

If the rectangular method be adopted the base should be run 
along the line of the principal developments. From this base lat- 
erals will be run, 2CX), 300, or 5CX) feet apart, and prolonged as far 
on either side of the base as may be necessary. These laterals 
should be joined at their extremities by tie-lines parallel to the 
base-line to check the accuracy of the work. The lines will be 
run with range-poles, by the compass, or by the transit, and the 
distances measured by pacing, chaining, telemeter, or steel tape, 
according to the importance of the work and the degree of accu- 
racy required. To facilitate platting the stations on these lines 
should be located at uniform distances, 200, 300, or 500 feet apart, 
and sub-stations interpolated when necessary for details. Finally, 
the levels of all stations will be determined by barometer, hand- 
level, water-level, or wye-level, according to the degree of accu- 
racy desired. If the barometer be used, continuous readings should 
be taken at some reference point to determine the fluctuations of 
the barometric column during the day. A self-registering aneroid 
may be used for this purpose. 

The contours should be sketched in the field, and not constructed 
in the office from the levels of the stations, as is too often done. 
This is especially important in the survey of mineral properties, as 
the configuration of the surface often throws much light on the 
underground structure. 

When the country is free from underbrush the survey may be 
made with the transit and telemeter-rod. A series of closed poly- 
gons will be run along roads, ridge lines, and lines of natural 
drainage. From the main stations on these traverse lines sub- 
stations will be determined by radiating sights and telemeter read- 
ings. More distant points may be located by intersecting cuts.. 
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Vertical angles will be freely used for determining differences of 
level. 

If the country be open much time will be saved, and the accu- 
racy of the work increased by triailgulation and by the use of plane- 
table methods. In many cases the plane-table itself may be used 
to advantage. 

For open country, also, surveying by photography,* the camera 
being used as an angle-measuring instrument, will doubtless find 
increasing application. Not the least of the advantages of a pho- 
tographic survey is the short time required for the field work. The 
photographs also supplement the map, and reveal details of topog- 
raphy which would otherwise be obscure. 

Geological Field-Work. 

A careful and, systematic geological examination of the property 
will be made in connection with the topographical survey. All 
outcrops of mineral and of associated rocks should be examined 
and located on the map in their true position, elevation, and extent. 
The dip, strike, and thickness of rock exposed should be noted in 
each case, that the data may be accurately platted on the sections. 

Search for outcrop should be made on steep hillsides, on the 
crests of hills and ridges, in the beds of streams, in the roots of 
overturned trees, and in wells, cellars, quarries, road-cuttings, and 
other artificial excavations. 

Even when the solid rock is not exposed the decomposed rocks 
and soils may furnish an indication of the character of the under- 
lying rock. This, of course, is not the case in alluvial valleys, nor 
in regions covered by glacial drift. Elsewhere the decomposed 
rock, often 20, 50, or even 100 feet thick, remains nearly in situ. 
Sometimes the vegetation, shrubs, trees, etc., as characteristic of 
certain soils, may furnish important clews to the nature of the 
underlying rocks and minerals.f 

Search should be made in the beds of streams and on the hill- 
sides for " float mineral " or ** shoad stones," and for fragments of 
rocks and minerals known to be associated with, and characteristic 



* Photography Applied to Surveying. Lieut. H. A Reed. Wiley & Son, 1888. 
Also, Modern Methods and Apparatus of Surveying. H. S. Munroe, Trans. Am. 
Inst, of Mining Engineers, vol. xviii. (in press). 

f See •* Indicative Plants.'* R. W. Raymond. Trans, Am. Imt. Mining Engi- 
neers^ vol. XV., p. 644. 
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of, the deposit. By tracing such float up the stream, or up the 
hillside, the outcrop may sometimes be found, or at least approxi- 
mately located. 

The outcrop of a metalliferous vein frequently manifests itself 
as a line of rocks stained with oxide of iron, often honeycombed 
and porous, the *^ gossan*' or eisen-hut, the iron oxide of which 
results from the decomposition of the pyrites, usually present as a 
constituent of such veins. 

The bed of fire-clay under a coal-seam, being impervious to 
water, frequently determines the horizon of numerous springs issu- 
ing from the hillsides. As the coal and the associated rocks 
usually contain pyrites these springs are often chalybeate. 

Relations of Topography to Geological Structure. 

Finally, the topography of the surface, if carefully studied, will 
often throw much light on the underground structure.* The 
ravines and valleys are formed by the gradual erosion of the sur- 
face. The shape of the resulting hills and ridges is necessarily 
influenced by the inclination of the strata, by the relative hard- 
ness of different rock-beds, and by the presence of folds and 
fissures and other lines of weakness. A quartz-vein or bed of hard 
rock may show itself as a sharp ridge or as a well defined bench ; 
and a stratum of soft rock, or the line of a great fissure, or the weak- 
ening of the strata by an anticlinal fold may produce a ravine or a 
deep valley. A break in the line of a ridge of hard rock may 
prove to be due to faulting, and in such case is often accompanied 
by the lateral displacement of the ridge beyond the fault In re- 
gions where the strata are horizontal the small streams often will 
be found in deep ravmes with precipitous banks. When the rock- 
beds are inclined the ridges will usually follow the strike of the 
rocks, and one hill-slope will be gentle and the other precipitous. 

The importance of care and accuracy in the topographical work 
is evident. If the contours be carelessly drawn important truths 
may be concealed or false inferences deduced. 

* See Coal and Its Topography, J. P. Lesley. Philadelphia, 1856. Also Topog- 
raphy with Especial Reference to the Lake Superior Copper District. J. G. Bland y. 
Trans, Am. Inst, of Mining Engineer s^ vol. i., p. 75. Also On the Importance of Sur- 
veying in Geology. Benj S. Lyman. Trans. Am. Inst, of Mining Engineers^ vol. i., 
p. 183. 
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Map ANp Sections. 

The field work completed, the data will next be platted, and the 
lines of probable outcrop of the deposit traced upon the map as a 
guide to prospecting operations. If the deposit be a bed or 
fissure-vein, and the plane of the deposit can be approximately 
determined, the tracing of the outcrop line is comparatively simple, 
involving merely the application of the principles of descriptive 
geometry. If the plane of the deposit be a warped surface, or 
combination of such surfaces, as in the anthracite coal-basins of 
Pennsylvania, the tracing of the outcrop is more diflficult. The 
best method of procedure in such case is to construct from the 
data obtained in the field, and platted on the map, a series of cross- 
sections. In projecting the measurements of dip into these sec- 
tions due allowance must be made for the inclination of the strata 
from or toward the section where the lines of strike are not normal 
to the section. Allowance must also be made for the curvature of 
the lines of strike in some f)ortions of the basin. From the cross- 
sections so constructed the approximate shape of the basin can be 
determined and the underground contours of the deposit sketched. 
Each intersection of an underground contour line, with a surface 
contour line of equal elevation, marks a point of outcrop. Join- 
ing these points by a continuous line we have the required outcrop. 

Prospecting. 

In order to answer definitely the questions asked at the begin- 
ning of this paper it is evident that we must know at least approxi- 
mately the amount of available mineral, as well as its richness, 
purity, and other circumstances affecting its value. To form a 
reliable estimate of quantity it is necessary to know the extent of 
the deposit and its thickness. The area within definite boundaries 
and above any assumed level can be determined from the map and 
sections. The thickness must be measured. It is not enough to 
know its thickness at one or two places only, but we must know 
the average thickness. The greater the number of measurements 
that can be made the more accurate will be the average result. In 
like manner a large number of samples from different parts of the 
deposit will be necessary to determine the average quality and 
richness of the mineral. 

The work of prospecting, then, should be conducted so as to 
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expose as much of the deposit as possible, to enable the measure- 
ments to be made and the necessary samples secured. 

The exploratory workings are of two kinds, surface and under- 
ground ; the first directed toward uncovering the outcrop of the 
deposit, and the latter to prove the deposit in depth. Both are 
necessary. Too much importance, however, should not be attached 
to workings in depth, and the surface exploration should in no case 
be neglected. The outcrop of a mineral vein or bed may be altered 
by weathering, and may be richer or poorer, better or worse, than 
the unaltered deposit below. Apart from this the outcrop repre- 
sents an average section of the deposit, and measurements made 
on the outcrop will probabl/ represenjt the true average thickness 
of the vein. The outcrop represents a section produced by ero- 
sion, possibly thousands of feet below the original outcrop. It is 
not probable that an artificial section, obtained by underground 
workings a hundred feet or so lower, will be any more reliable 
in this respect. In most cases there is no reason why a vertical 
section made by a shaft should have any greater weight in the 
determination of average thickness than a horizontal one. 

Surface explorations are far cheaper, are more rapidly executed, 
and permit a more satisfactory examination of the deposit than 
underground excavations. 

Underground workings are, however, necessary to determine 
how far the deposit has been altered, and the richness or quality 
of the mineral changed by weathering. The results will enable 
the proper correction to be applied to the data obtained in the ex- 
amination of the outcrop. 

(To be continued.) 



THE RAIYAN PROJECT. 

By cope WHITEHOUSE. 

The Raiyan Project is a scheme to put the Nile in communica- 
tion with a depression in the desert to the west of the valley, about 
80 miles south of Cairo. It was shown in the pages of this journal 
(vol. v., 1884) that the traveller in Egypt, from B.C. 500 until after 
the first century of our era, distinguished three great efforts of 
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human intelligence and national energy from all other works which 
enriched the civilized world. Herodotus associated the Pyramids, 
Labyrinth and Lake Moeris in magnitude, as they were also — ^an 
important and hitherto unconsidered fact — associated in topo- 
graphy. He found no adequate standard outside of Egypt for even 
the first and, in his opinion, least member of the splendid trilogy. 
The pyramids remain, from the squared summit of Abu-Roash, 
the masses of Gizeh and Dashur, to the mud-brick piles on the 
banks of the canal of the Fayoum. What must then have been 
the transcendent majesty of that council-hall which Pliny described 
as " portentosissimum humani impendii opus ?'* The words of the 
Roman admiral and savant have a rhythmical ring which vibrates 
to the emotion excited by the prodigious dimensions and massive 
construction of the Labyrinth. Are the chips of stone at Howara 
all that we shall ever see of the structure which was once as far 
beyond the Temple of Diana at Ephesus, as " the Pyramid of 
Cheops transcends the greatest works of the Greeks ? " 

Mountains carved into palaces for gods who represent the forces 
of nature, and for the men who reverently apply those forces to the 
service of mankind, may, nevertheless, be picked to pieces by 
peasants. Moeris could never thus utterly perish. The water no 
longer fills the reservoir. The fellaheen on the banks of the Nile 
watch, in helpless agony, the yellow flood of the turbulent river 
sweeping in tumultuous billows over the cultivated plains, and 
burying palm groves in the shapeless mounds which but a moment 
before were happy homes. 

** Parte alia violentus aquis torrentibus amnis 
Transilit objectas praescripta repagula ripas 
Et vagus eversis late dominatur in agris." — Prudentius. 

The engineer, however, now possesses a map of Middle Egypt, 
entirely different from that which once forced him to despair of 
controlling the flood of the Nile to the north of equatorial 
Africa. 

This map affords the final solution of the historical problem. 
The Fayoum, Raiyan and Muellah depressions show how a vast 
sheet of water, with an approximate circuit of 450 miles, and a 
depth of nearly 50 fathoms, was seen by Herodotus, Diodorus and 
Strabo. It is gratifying to notice the delay on the part of such 
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distinguished men as Brugsch, Maspero and Schweinfurth to 
acknowledge their error. It proves that the task of justifying the 
ancient records was beset with difficulty, and measures the courage 







EGYPT IN A.D. I50. 

From the Geography of CI. Rolemy: published in Alexandriaca, A.D. 150; repub- 
lished in Rome, A.D. 1508. Redrawn for the American Geographical Society, New 
York, A D. 1890. 

of those who permitted the publication of my researches in the 
pages of this journal. 

The detailed survey of the southern depression shows that the 
Lacus Meridts of the Alexandrian cartographers, on maps com- 
piled during the first and second centuries of our era, exactly cor- 
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responds to the lake which will be formed when this basin is a^ain 
filled to the level of high Nile. 

The Raiyan project is the detailed result of repeated and minute 
surveys of this district, with a sketch of the proposed works, and 
estimates of cost and profit. No storage reservoir has, as yet, 
been proposed in the United States to hold 5,000,000 million gal- 
lons, with a surface of 250 square miles, intended to irrigate 
3,000,000 acres, and render navigable 500 miles of canal at a total 
annual cost of less than $250,000 per annum. 

The cultivated area of Egypt is 4,955,000 acres. The land * 
capable of reclamation in Lower Egypt, exclusive of over -1,000,000 
acres contained in the areas now abandoned to the Mediterranean, 
and forming the brackish lakes bordering upon it, together with at 
least 800,000 acres elsewhere, is 1,260,000 acres. If one-third of 
the cultivated land and the whole of the land to be reclaimed were 
to. be irrigated in summer, there would be required a summer supply 

Qf M>955»OQQ v^ 26 j + (1,260,000 X 40) = 93,000,000 cubic 

metres per day, of which the lands to be reclaimed would alone 
require 50,000,000 cubic metres per day. The mean summer 
discharge of the Nile is 42,000,000 cubic metres per day (16,800 
c. f. per second) at Assuan, while there are years when it falls to 
24,000,000 cubic metres per day ; and hence the impossibility of 
doing any reclamation by summer cultivation on a large scale 
without storing water somewhere. 

The accompanying map shows the situation and dimensions of 
the proposed Raiyan reservoir. It would be fed by a canal from 
the Nile in flood, and discharge back into the Nile in summer. 
The time during which the reservoir would be drawn upon would 
be from the 15th of April to the 25th of July, when the Nile is at 
its lowest. The elements of the problem, therefore, are the fol- 
lowing : 

First A basin of sufficient magnitude to receive the dangerous 
surplus of Nile in flood, and of sufficient area to yield, between the 
flood-surface of the intake and the low-water mark of the outflow, 
all the additional water required during the hundred days of in- 
sufficient Nile. 

Second. A canal capable of passing a certain quantity of water 
into the basin. If the section of this canal is only large enough to 
discharge thedaily supply required from the basin, when filled and 
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used as a reservoir, it will take a considerable number of years to 
raise the water surface in the depression to the level of low Nile. 



'ms:^4t^>^ 







'PROPOSED WADl RYAN 
RESERVOIR ^ 

MIDDLE EGYPT IN AD. 1 889. 

The Raiyan Reservoir, From " Eg>'ptian Irrigation," by W. Willcocks, M.I.C.E. 
Published in London, a.d. 1889. 

If the canal is of large section, it will fill the reservoir in three 
years, and can be used as an escape in time of dangerous flood. 
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Ihird. The determination of the ivater-surface levels of the Nile, 
maximum, minimum and mean, during flood and summer, with the 
discharges corresponding to the different levels. 

Fourth, The determination of the minimum level of the Nile in 
flood, below which it must not be allowed to fall. In other words, 
the quantity of water which could be delivered at the Raiyan escape 
without prejudice to existing interests. 

Fifth. The Raiyan works to the zvest of the Nile valley^ excava- 
tions, earth-worKs, pitching, and masonry works needed for regula- 
tion. 

Sixth, The works in the Nile valley needed for the passage of ex- 
isting canals, drains, and^the railway, by the large flood canal or 
escape. 

Setfenth, The //;«^ required to fill the reservoir; the quantity of 
water utilized after loss by evaporation and absorption has been 
eliminated. 

Eighth. The quality of the water stored. 

First. The Sise of the Reservoir, — This is fixed by the physical 
conditions ot the depression. The large plan drafted in the De- 
partment of Public Works in Cairo, scale i : 50,000, has been con- 
toured, and the areas measured by a planimeter. The cubical 
contents are necessarily approximate, especially in those lower 
parts of the basin occupied in part by ridges of blown sand. The 
only effect, however, of greater accuracy, would be to vary by a 
few days the time required to fill the reservoir to the level of low 
Nile. 

Colonel Western, C.M.G., R. E., Director-General of Works, 
thus describes the Wadi Raiyan : ** This valley, a depression in 
the Libyan Desert, discovered by Mr. Cope Whitehouse in 1886" 
(this date being taken as the first official communication to the 
Department of Works of a survey verified by lines of levels, as 
distinguished from aneroid observations), ** lies immediately to the 
southwest of the Fayoum province, but separated from it by a 
range of low hills, averaging some 6 kilometres (3)^ miles) in 
width, and with heights of about 60 metres (196 feet) above 
sea-level. Two passes, however, leading from the Gharaq basin 
of the Fayoum, with levels of about + 26 metres, have been found 
in this dividing range, and. except for these two passes or entrances, 
the Wady is everywhere bounded by hills of at least -f 36 metr^j 
above mean sea. 
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** The soil of the Wady is for the most part composed of desert 
sand and pebbles, overlying in places a yellow clay, but this desert 
sand is for about one-sixth of the area hidden by drifted sand- 
hills, or ridges rising some 5 to 10 metres above the general plain. 
Towards the north of the Wady there are two fresh-water springs, 
(but no inhabitants) and near them, a few date trees and some 
brushwood grow. The deepest level of the Wady Raiyan reaches 
40 metres below sea-level (about 220 feet below high Nile). To 
the south of the Wady and connected with it at a level of -f 55 
metres is the Wady Muellah, a valley about i^ kilometres width 
and 7 length. Its lowest depression is + 25 metres (about 35 
feet below mean high Nile near Behnesa, opposite its southern ex- 
tremity). In the Wady Muellah there are ruins of ancient build- 
ings (with fragments of a Greco-Roman period, further identify- 
ing the spot as the Dionysias of the Ptolemaic text and map). 
There is a fair amount of coarse vegetation near them, 

•* Two other small depressions have been found, connected with 
the Wady Raiyan at its northeastern extremity at a contour lower 
than the level of the flood Nile. They lie to the south of the 
Gharaq basin of the Fayoum province, and are separated from it 
by a ridge with a level of -f 35 metres, I kilometre in width. 
The easterly depression (the Wadi Lulu, or Valley of the Pearl, a 
modern name given to it by the author of this paper), is about 10 
kilometres in length by 4 kilometres mean width, and has a bottom 
at about + 15 metres." 



Area and Cubic Contents of Raiyan Reservoir, 



R.L. 




Area 


Contents of reservoir 


of contour. 


Area in square metres. 


in Egyptian acres. 


in cubic metres, below the contour. 


30 


686,600,000 


163,475 


20,559,640,000 


25 


618,300,000 


147,214 


17,297,390,000 


20 


550,000,000 


130,852 


14,376,640,000 


10 


397,904,000 


94J39 


9,637,120,000 


.Sea level. 


301,100,000 


71,690 


6,142,100,000 


— 10 


231,800,000 


55,190 


3,477,600,000 


— 20 


163,075,000 


3«,i27 


1.503,225,000 


—30 


55,562,500 


I3»229 


410,037,500 


—40 


22,037,500 


5,247 


22,037,500 



The maximum flood level of the Nile at the proposed take-off" 
of the reservoir canal is reduced level + 31.8 metres (about 100 feet 
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above the Mediterranean). The ordinary high flood level is + 30.3 ; 
the low flood level 29.0 metres.; and the summer level about 22.0 
metres above mean sea. These levels are referred to the Barrage 
zero, or mean Red Sea, 60 centimetres above mean Mediterranean 
Sea. 

Second. The Rt%ervoir Canal. — Referring to the map prepared 
by Mr. W. Willcocks for the chapter, in his work on Egyptian 
Irrigation* which treats of this Raiyan project, it will be seen that 
Biba is the point chosen for the take-off* of the canal from the Nile. 
It is 163 kilometres above the Barrage along the deep channel of 
the Nile, and 85 miles south of Cairo by rail. Of course any other 
point near it may be chosen, but considering the lie of the basins 
and their feeders, it may be difficult to choose a better place. On 
the plan there are two lines given for the canal ; one is called the 
" Proposed Reservoir Canal," and has been repeatedly levelled and 
surveyed, examined by Colonel Western in person, and pits sunk 
to test the character of the material to be excavated. The other 
is called the ** Alternative line." All calculations have been made 
on the former. Neither line presents the smallest engineering 
difficulty. The direct line involves a tunnel, about 5 miles in 
length, through horizontal limestone. With a bed width of 80 
metres and a height of 10 metres, it would be more convenient 
and expeditious to drift a series of openings. It would be neces- 
sary to excavate about 7,000,000 cubic yards, but the stratifica- 
tion, absence of water, facility of choice as to the exact spot 
selected, make the work very different from the cuttings and 
tunnels to which the American engineer is accustomed. 

The total length of the proposed canal is 46 kilometres (27 
miles) from Biba to the point A, in the reservoir. The length of 
the alternative line is about 30 kilometres (18 miles). The slope 
of the canal will be y^rJinr» ^^^ ordinary canal slope in Egypt. 
This slope, with a hydraulic mean depth of between 6 and 7 metres 
(20 feet) will give a mean velocity of about i metre per second 
(2^ miles an hour), a velocity which allows neither silt deposit 
nor scour in the Nile valley. 

Third. Flood and Summer Levels of the Nile at Biba. — ^As a 



* Egyptian Irrigation^ by W. Willcocks, M.I C.E. ; Spon & Co., London and New 
York, 1889. The matter which precedes and follows is largely taken, in form and 
substance, from this admirable work, without further acknowledgement. 
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rule there is such a heavy. demand for water during the month of 
August, that in any but a very exceptional year no water, in Mr. 
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Willcocks's opinion, can be taken from the river, and this month 
must be left out of the calculations. 

Discharge of the Nile at Cairo. 



Month. 


Mean discharge m cubic metres 
per 34 hours. 


Feet per second. 


January, 

Februar)', 

March, 

April, 

May 

June, 


151,000,000 

110,000,000 

70,000,000 

45,000,000 

34,000,000 

34,000,000 

70,000,000 

525,000.000 

675,000,000 

675,000,000 

400,000,000 

260,000.000 


60,400 

44,000 

28,000 

18,000 

13,600 

13,600 

28,000 

210,000 

270.000 

270,000 

160,000 

104,000 


July, 

August 


Septeml)er, 

October, . . . . . . . 

November, 

December 



The maximum flood of 1874 discharged 1,032 million cubic 
metres in a single day; the minimum, flood of 1877 discharged 
465,000,000 cubic metres, or less than one-half that amount. 

Mr. Willcocks puts the entire discharge of the Nile during the 
year at 93,000 million cm. If 3,000 million cm. are required 
for the basins of Upper Egypt, and 50,000 million cm. are annually 
distributed for daily consumption there could never be a year in 
which 40,000 million cm., or double the contents of the Raiyan 
Reservoir, would not pass into the Mediterranean without contribut- 
ing in the least degree to the fertility of Egypt, The regulation of 
the Nile at the Barrage in July and part of August would put a 
certain volume of water at the disposal of the government for the 
Raiyan basin. The summer, or low Nile, level at Biba may be 
taken as 22 00 metres. 

Fourth. Levels at which tJte Nile must be Maintained for Flood 
Irrigation, — In September a gauge of 16.3 should be generally 
maintained at the Barrage, though alternate week gauges of 16.3 
metres and 15.8 metres (above zero) would suffice for the irriga- 
tion until the loth of October. From the loth to the 20th October 
a gauge of 17.0 nietres is needed at the Barrage to allow all the 
high lands to be irrigated for the winter crop. After the 20th 
October, the canal might take as much as it liked from the Nile, 
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or from the basins above it, except in extraordinarily low years 
like 1888. 

In an average year, from the ist of September, there is available 
a discharge of 57,500,000 cubic metres per day, increasing to over 
100,000,000 on the 15th September. Between the loth and 20th 
October, no supply is available, as the Nile berms have to be irri- 
gated, while after the 20th October, the canal can take as much 
as it can carry. It is better, in the opinion of Mr. Willcocks, to de- 
pend on an alternate week supply in low years than on any regula- 
tion at the Barrage, because the former meets the requirements of 
Upper Egypt, north of the canal, as well as those of Lower Egypt, 
while the latter meet the requirements of Lower Egypt alone. A 
fluctuating supply in the Nile in a high year like 1887, would bring 
down the Nile banks, but in high years this alternate weekly 
supply will not be necessary. In the low Nile years, when it is 
necessary, no harm will be done by the difference of half a metre, 
which this system of filling will entail. 

So far as a high Nile flood is concerned, a canal incapable of 
carrying 100,600,000 cubic metres per day at the high flood 
gauges would be of little use. A difference of 50 centimetres at 
the Barrage gauge, when the readings are between 18 and 19 
metres, means a daily discharge of that amount. Taking high 
flood relief as the most important factor in the calculation of the 
size of the proposed canal, and the level of the bed of the canal at 
22 metres at the take-off, the canal should discharge 100 million 
c. m. per day with a depth of water of 9,8 metres. A canal with 
a bed width of 80 metres (250 feet) and side slopes of \ will 
accomplish this result. 

The following is a rough longitudinal section of the proposed 
canal. 




n iffiTi 
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Longitudinal Section of Canal. 

The earthwork estimate is as follows : 

From F to E: Length, 22,000 metres; mean depth, 6.5 metres. 
Contents, 12,370,000 cubic metres. This is capable of reduction 
by following the Bahr Jusuf in places. 

E to D. — Length, 4 kilometres; mean depth, 15 metres. This 
section is a soft limestone cutting to the depth of about a metre, 
resting upon a very compact clay, impregnated with salt, and dis- 
solving with extreme facility into fine mud. The bed may be 
lowered 4 metres, as recommended by Colonel Western, and 
the depth of water becomes 13.3 metres. The bed width also 
may be reduced to 40 metres. It will give a slight afflux that 
will not be felt within 10 kilometres of the head. The material 
to be removed is 4,484,000 cubic metres. 

D to C. — Length, 1 1 kilometres. The hill along the southern 
edge of the Gharaq basin of the Fayoum slopes gently from + 60 
to + 14. The canal can follow any contour decided upon. 
The required section will be obtained either by a deeper excavation, 
or by a higher bank on the lower side — the only one required — ^as 
may be considered expedient and economical. If a contour of 
+ 24 is chosen and the bank given a top width of 15 metres, a 
sectional area for the embankment of 200 square metres will cover 
all contingencies. The breadth of section, varying with the 
irregular edge of the desert, and reaching in some places a width 
of 1,500 metres, or over a mile, will make up for any loss in depth. 
2,200,000 c. m. 

C to B. — Length, 3 kilometres; depth, 14 metres, and bed 
width, 40 metres ; since this is in part another soft limestone ridge, 
with pebbles, desert sand and clay. 2,352,000 c. m. 

B to A. — Length, 6 kilometres; depth, 3 metres. 1,500,000 c. m. 

The estimated cost of work is : 



Section F to E.- i2,370,ocx> c. m., 
" E to D. — 4,484,000 c. m., 
" D to C. — 2,200,000 c. m., 
" C to B. — 2,352,000 c. m., 
•* B to A.— 1,500,000 c m.. 



Total.— 22,906,000 c. m.. 



at 20c. = |2,474,ooo 
at 50c. = 2,242,000 
at 20c. = 440,000 
at 50c. = 1,176,000 
at 20c. = 300,000 



at 29c. = ^6,632,000 



Fifth and Sixth. Masonry Works. — The masonry works are 
needed for regulators and for the accommodation of existing works. 



Digitized by VjOOQIC 



THE RAIYAN PROJECT. 2 1 3 

1. The Bahr Jusuf Crossing and Reservoir Regulator, — This can 
be built on the limestone rock with a 40-metres wide platform, and 
a 2.5-metres depth of masonry; the levels of the canals will allow 
of a level crossing. 

40 openings, at ;£'i5oo = ;^6o,ooo = $300,cxx) 

Wing walls, 10,000 = 50,000 

2000 square metres regulating gates, at £ 9"=^ 1 8,000 = 90,000 

Total, ;i 88,000 ;$440,ooo 

2. The Railway on the sugar estates will be diverted to the gov- 
ernment railway bridge at a cost of ;$ioo,ocxD. 

3. The Ibrahimieh Canal will be siphoned under the reservoir 
canal. The discharge to be passed is 3,000,000 c. m. per day, and 
allowing a head and velocity of 2 metres per second, 8 pipes of 
1.5 metres diameter will take the water across. 

Estimate 8 pipes, at ;f 3000= ;f 24,000 ($1:50,000), 300 tons -f- masonry. 

4. The Gozfernment Raihvay. — 4 feet 83^ inch gauge, 80 metres 
wide canal. Tons of iron, 1500 at ;gi25 = ^185,000. With the 
work can be combined the regulating head of the reservoir canal, 
18 openings of 5 metres at ;^2,50o($ 12,500) = ;^45,ooo(|j225,ooo). 

Railway Bridge, $187,500 

Regulator, 225,000 

Total, $412,500 

The masonry works, therefore, will amount to : 

Bahr Jusuf Crossing and Regulator, . . . ;f 88,000 $440,000 

Sugar Railway Diversion, 20,000 100,000 

Ibrahamieh Canal Syphon, .... 24,000 120,000 

Head Regulator and Railway Bridge, . . 82,500 412,500 

Total, ;f2i4,5oo $1,072,500 

The whole of the earthwork and masonry works will, therefore, 
according to Mr. Willcocks, amount to : 

Earthwork, ;£^l 1326,500 $6,632,500 

Masonry, 214,500 1,072,500 

Land, 1600 acres at ;^30 ($150), . . 48,000 240,000 

Total, ;fi,589,ooo $7,945»ooo 
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It will be a matter of interest to all those concerned in irrigation 
works to study these estimates, but no American engineer would 
for a moment admit that they furnish a basis upon which contracts 
could be let to the advantage of the government. The difference 
between the method of constructing American and Indian railways 
is exhibited in the excessive allowances for work which could never 
be required. 

Mr. Willcocks is not only an engineer of great ability and inde- 
fatigable energy, but deservedly enjoys the reputation of a readi- 
ness to adapt his plans to circumstances, in a manner characteristic 
rather of the United States than of Great Britain. His field-work 
would be very different from his plans on paper. Availing himself 
of the tremendous velocity obtainable through the Lulu and Safir 
basins, and the rapid slope of over 1 50 feet into the Raiyan depres- 
sion, much of the excavation would be accomplished by natural 
forces. 

The Raiyan Works proper commence at the Bahr Jusuf,and the 
western (desert) edge of the Nile Valley. My former estimates of 
;$2,500,ooo would not be exceeded. The great canal across the 
Nile Valley from Biba would in reality be a broad shallow basin, 
cultivable once a year throughout its entire area. The masonry 
works- may be taken as reasonable, but a part of the money would 
be otherwise expended. The total cost, therefore, of the Raiyan 
Project should be estimated thus : 

Raiyan Canal of Escape and Supply, .... ^2,500,000 
Works in the Nile Valley, 1,500,000 



Total $4,000,000 

Seventh. Quantity of Water Capable of Being Utilized (without 
Pumping) — Time of Filling Reservoir. — It appears from Mr. Will- 
cocks's tables that for forty days in each flood a depth of water of 
8 metres (25 feet) may be taken into the canal ; for twenty days the 
basins above the canal may be discharged into the canal through 
the Bahr Jusuf ; for the thirty days of November a depth of 6 
metres of water may be counted on, for December a mean depth 
of 4.5 metres, for January a depth of 3.0 metres, and for Februar}' 
of 2 metres. With an 80-metres wide canal, slope ^^\^^ y the daily 
discharges are : 
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8.0 metres depth, ........ 67,000,000 

6.0 ** 42,000,000 

4,5 «* 25,000,000 

3.0 " , . • 13,000,000 

2.0 ** ♦ , 6,000,000 

Therefore the supply obtained per annum would be : 

Cubic Metrci. 

September and October, , . . 60 X 67,000,000 = 4,020,000,000 

November, 30x42,000,000=1,260,000,000 

December, 30 X 25,000,000 = 750,000,000 

January,. . . . . . 30X13,000,000^ 390,000,000 

February, 30 X 6,000,000= 180,000,000 

March, from Bahr Jusuf, . . 30 X 5,000,000= 150,000,000 

Per annum, 6,750,000,000 

Referring to the table of contents of the Raiyan depression, and 
allowing for evaporation and absorption, it appears that : 

Metres Content^ 

above sea. cubic metres. 
At the end of the first year the water in the 

lake would rise to, -|- 2 ^ 6,750,000,000 

At the end of the second year, . . , -|- 17 ^ 12,892,100,000 
At the end of the third year, . . . . -|- 27 = 18,566,760,000 

In other words, the lake would be filled to the level +27 metres 
above sea, or about 5 metres (16 feet) above low Nile at the end 
of the third year. It could give a half supply that year. The 
fourth year the lake would be in full working order, and could be 
filled to +28 metres. Allowing i metre as loss by evaporation 
from April ist to July 31st, an excessive estimate, the water in the 
reservoir could be utilized without pumping, either to fill or empty, 
to the depth of 2 metres. This stratum of water would contain 
1,263,920.000 c. m., and discharge 12,639,200 c. m. per day, or 
about 3,000 million gallons for 100 days. This amount would flow 
back into the Nile canal through the reservoir canal as levels would 
suit. The available volume could be further increased to any de- 
sired amount. The water might be delivered into the lake at + 30 
through a canal taking off from the Manfaloutieh, west of the Bahr 
Jusuf, while the discharge into the Delta system at the Barrage need 
not be above + 13. A canal of discharge carried along the west 
side of the Nile valley for 130 kilometres would increase the 
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available stratum to a depth of lo metres, and yield about 5,000 
million cubic metres. 

Eighth. The Quality of the Water Stored. --YiVtry effort would 
be made to prevent valuable alluvial deposit from passing into the 
Wadi Raiyan. The black soil of Egypt is so necessary for lands 
under perpetual cultivation that mud-bricks from the ruins of ancient 
towns are broken up and used as a fertilizer. The red mud is still 
more precious. It is easy to contrive in various places filtering- 
basins, which would receive water charged with vegetable germs 
from the equatorial lakes, washed down by the melting snow on 
the Mountains of the Moon, or the detritus from the spring freshets 
of Abyssinia. The glacier waters of the Rhone thus deposit their 
burden in the Lake of Geneva. Here, however, arrangements 
would be made to pass the water over surfaces which would be 
covered for brief alternate periods, and subsequently cultivated. It 
would even pay to transport to a certain distance the enrage of 
such sections of the Raiyan canal as were fitted with proper ma- 
chinery for the withdrawal of the sludge. 

The waters of the Raiyan lake would at first collect in shallow 
brackish pools, the drainage through the upper plateaux, slightly 
impregnated with salt. Before the lake had reached to within a 
hundred feet of the level of the Nile Valley it would be the purest 
and best of drinking water. If the agriculturist prefers the fetid, 
putrescent waters of the river in June, the inhabitants of the 
towns, and those engaged in washing the low-lying lands in the 
northern delta, will be able to leave him its entire supply. Al- 
though the pure water of the Raiyan reservoir will be deficient in 
organic and inorganic remains, and, therefore, will not manure the 
land, it will be in no respect inferior to rain-water. It is only 
poor in comparison with that fertilizing mixture, which is the 
rich but poisonous gift of the Nile during the so-called Sefi months, 
injurious to human life, and useless for the improvement of the 
lands, saturated with salt, in the marshes near the Mediterranean. 

It had been proposed to effect the regulation of the Nile by a 
dam across the river at Gebel Silsileh, about fifty miles below the 
cataracts of Assuan. This project was examined in 1882 by M. 
Jacquet, described by M. Barois, favored by Nubar Pasha, pro- 
moted by M. de la Motto, backed by a French company, and fre- 
quently mentioned by Sir C. C. Scott-Moncrieff as offering an 
alternative solution of the problem. Mr. Willcocks examined the 
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proposed site in December, 1889. Upon his adverse report, the 
scheme has been abandoned. 

This is the present position of the Raiyan Project. It is feasible, 
without a rival, would secure immunity from flood, safeguard exist- 
ing areas against drought, double the summer supply, create a new 
province in the Delta, add one-half to the 4,950,000 acres now 
cultivated, and furnish pure water during the months of low Nile. 
The escape could be opened in a year. The reservoir could be 
filled by three floods. The cost would not exceed 57.500,000; the 
value would be capitalized at hundreds of millions of dollars. 

Sir C. C. Scott-Moncrieff* is Under Secretary of State for Public 
Works, and, when supported by Sir E. Baring, British Agent and 
Consul-General, absolute master of the lives and fortunes of the 
Egyptians, so far as they are dependent upon irrigation. He re- 
fuses to proceed with the work. He will not accept the money 
offered him on any terms. He will not permit me to carry my 
researches to a practical result. He will not indicate the condi- 
tions on which a concession would be granted to a company, 
although I agreed that it should be outside of my influence, and 
deprive me of any advantage that might accrue to the Egyptians 
or to myself by my active participation in its direction. 

Having caused the great work of Mehemet Ali and M. Maugel. 
the Barrage, to be patched, at imminent risk, so that it may last an 
official lifetime, and must yield to an unusual or accidental strain, 
with appalling consequences, it is now proposed to defy, for three 
years, the unanimous opinion of the world, to turn a deaf ear to 
the cry of the native population, to expose the British Govern- 
ment to a reiteration of charges, so grave and yet so substantial 
that their monstrous character alone prevents their being more 
widely believed. My protests are on record in Cairo and in Lon- 
don. In vain I pointed out to Lord Salisbury and Sir E. Baring, 
that, apart from all other considerations, it was injudicious in the 
extreme to make surveys and publish reports, by which the ablest 
engineers in Egypt and in Europe were made acquainted with the 
facts, and the legitimate expectations of the natives deliberately 
excited, unless successive steps were duly taken with a view to 
the prompt execution of the scheme. Corruptio optimi pessima. 
I disclaim all responsibility for the imprudence committed, as well 
as the refusal to permit the work to proceed. The archives of the 
Foreign Office in London, and of the ministries in Cairo, will ac- 
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quit me. The Raiyan Project threatens to become a serious politi- 
cal danger. At present it is a humiliating proof of the inability, 
thus manifested by irrigation-engineers and statesmen of an Eng- 
lish-speaking race to profit by the extraordinary advantages offered 
by the Wadi Raiyan, 



THE SEPARATION AND DETECTION OF Al, Cr, Fe. Co, 
Ni. Zn, Mn, Ba, Sr, Ca, Mg, K, Na, NH4. 

By J. S. C. WELLS, Ph.D. 

In the following course of analysis, I have adopted the plan 
used in " Fresenius," and as far as the methods are the same have 
used the text as given in that work. 

The division into groups is the same as given by Fresenius, 
viz. : ist Group — K, Na, NH4. 2d Group — Ba, Ca, Sr, Mg. 3d 
Group — Al, Cr. 4th Group — Co, Ni, Fe, Zn, Mn. 

1. Take a small portion of the solution to be tested, in a test-tube, 
observe whether it is colored or not (Note i), boil to expel HjS 
if present (Note 2), if FeO be present (Note 13) add a few drops 
of HNO3 and boil to oxidize it to FejO, (Note 3), add a little 
NH4CI, then NH4OH cautiously, just to alkaline reaction, heat 
gently, and observe if a precipitate is produced ; then add some 
(NH4)2S, no matter whether NH4OH has produced a precipitate 
or not. 

2. a. Neither NHfiH nor (NH^^S produces a precipitate^ pass 
on to 17 for Fe, Co, Ni, Zn, Mn, Cr, Al are not present (Note 4), 
nor are phosphates, borates (Note 5), silicates, oxalates (Note 6) 
or fluorides (Note 5) of the alkaline-earth metals, nor silicic acid 
originally in combination with other metals. 

3. b. \NH^^S produces a precipitate^ NHfiH having failed to do 
so : absence of phosphates, borates (Note 5), silicates, oxalates 
(Note 6), and fluorides (Note 5) of the alkali-earths, of silicic 
acid originally in combination with other metals, and also if no 
organic matter is present of Fe, Al, Cr. Pass on to 5, 6, 7, 12; 
omit 8, 9, 10, II. 

4. c, NHJDH produces a precipitate before the addition of{NH^^S. 
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The course of proceeding now depends upon whether {a) the 
original solution is simply aqueous and has a neutral reaction, or 
(^) the original solution is alkaline or acid (Note 7). In the former 
case pass on to 5 since phosphates, borates, etc., cannot be present. 
In the latter case regard must be had to the possible presence of 
all the bodies enumerated in 2, and also in the presence of organic 
matter, of the combinations of alkali-earth metals with citric and 
tartaric acids. 

The solution must be tested for these acids, and, if found, the 
analysis must be carried on according to scheme for phosphates, 
etc. (See School of Mines Quarterly, Vol. X., No. 3). 

6. Detection of bases of groups 3 and 4 if phosphates etc., 

ARE not present. 

Mix the solution mentioned at beginning of i , a portion of which 
you have submitted to a preliminary examination, with some 
NH4CI (Note 8), then with NH4OH just to alkaline reaction (Note 
9), and then (NHJjS, until the fluid, after being shaken, smells 
distinctly of that reagent, shake the mixture until the precipitate 
begins to separate in flakes, heat gently for some time and filter. * 

Keep the filtrate (Note 10), which may contain bases of groups 
I and 2 for examination according to 1 7. Wash the precipitate 
with water to which a very little (NH4)2S (Note 1 1) has been added, 
then proceed with it as follows : Remove the washed precipitate 
(Note 12) from the filter with a spatula, or by rinsing it with the 
aid of a wash bottle through a hole made in the bottom of the 
filter into a test-tube, and pour over it cold dilute HCl (one part 
HCl, sp. gr. 1. 1 2, with about five parts of water) in moderate 
excess. 

6. a. The precipitate is not completely dissolved^ a black residue 
being left. 

This indicates Co and Ni. This indication is not certain, espe- 
cially in the presence of much FeS, particles of which may become 
enveloped in the separated S, and thus be protected from the action 
of the HCl. Filter and wash. 

Examine the filtrate according to 8. 

7. Test a small portion of the precipitate in the borax bead, first 
in the oxidizing, then in the reducing flame. If the bead in the 
oxidizing flame is violet whilst hot, and of a pale, reddish-brown 
when cold, and turns gray and turbid in the reducing flame, nickel 
is present; but if the color of the bead is blue in both flames, and 
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whether hot or cold, cobalt is present. As in the latter case, the 
presence of nickel cannot be distinctly recognized, examine the 
remainder of the residue as follows: Dissolve in HCl and a little 
HNO3, evaporate nearly to dryness, dilute with water, and filter, if 
necessary, from any particles of S, neutralize carefully with KOH, 
and then add a solution of KCy, until the precipitate that first forms 
has completely dissolved ; add a little more KCy, and then bro- 
mine water in considerable quantity, taking care, however, to keep 
the solution alkaline with KOH. The nickel is precipitated as the 
black hydroxide (Ni2(0H)g). As the cobalt has already been 
found by the borax bead, no further test for it is necessary. 

8. b. The precipitate dissolves completely (except, perhaps, a little 
S) ; absence of Co and Ni, at least in notable quantity. 

Boil until HjS is completely expelled ; if iron is present. (Note 
13), add a little HNO3 ^^^ '^oil» so as to oxidize it to the ferric 
state (Note 14), filter if any particles of S remain suspended in the 
solution, and evaporate nearly to dryness. The course of pro- 
ceeding now depends on whether the color of the solution indi- 
cates chromium or not. 

9. Solution is colored bluish-green or violet^ and indicates Cr, 
Add Na^COj to strong alkaline reaction, then bromine water in 

excess, heat gently for some time, keeping solution alkaline with 
NagCOj, and finally heat to boiling, filter, and wash residue. 

a. Filtrate contains NagCrO^, and possibly NagMnjOg; the latter 
is indicated by pink or purple color of the solution (Note 15). 
Acidify solution with HC^Wfi^, and test for Cr with P^CjHsOJj 
— a yellow precipitate proves chromium. 

b. Residue contains iron and aluminium as hydroxides, zinc and 
manganese as carbonates. 

Dissolve in least possible quantity of HCl, and treat according 
to 10. 

10. Color of solution does ?iot indicate Cr, 

Neutralize carefully with NagCOs, dilute^ and add excess of 
NaCgHgOj, boil and filter hot, wash precipitate with boiling water. 
Examine filtrate according to 12. 

11. Precipitate consists of iron and alumina as basic acetates. 
Fuse on platinum with NaKCOj and a little KCIO3 (Note 16), dis- 
solve in small quantity of boiling water and filter, 

a. Residue consists of FejOg and possibly some alumina that has 
resisted the fusion. 
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Dissolve in a little HCl and test for iron with NH^CyS. 

^. Filtrate contains NajAljO^ ; acidify with HCl, and then add 
(NH4)2C03 in slight excess — a white flocculent precipitate proves 
alumina. 

12. Filtrate contains zinc and manganese, concentrate solu- 
tion, add a little HC2H3O2, heat to boiling and pass HjS into it. 
Zinc is precipitated as ZnS (white) (Note 17), filter. 

Filtrate contains manganese, add KOH in excess, a white pre- 
cipitate turning brown on exposure to the air = Mn. Confirm 
result by testing in NagCOg bead in oxidizing flame — green bead 
proves Mn. 



Method using BaCO, in place of NaCjHjOg. 

13. Proceed in the same way as given in 1,2, 3, 4, 5, 6, 7, 8. In 
8, after evaporating nearly to dryness, to expel excess of acid, di- 
lute with water, and neutralize carefully with NagCOg. 

To the neutral solution add BaCOg in excess, digest in the cold 
for some time, filter and wash. Examine filtrate according to 12 
(Note 18). • 

14. Precipitate contains iron, aluminum and chromium as hy- 
droxides, together with excess of BaCOj. Dissolve precipitate in 
HCl, add NH4OH just to alkaline reaction and filter (Note 19). 

Reject filtrate. Dry the precipitate (Fe2(OH)6,Al2(OH)g,Cr2 
(OH)^, and fuse in platinum with NajCOj + KCIO3. Dissolve 
in fusion small quantity of boiling water, and filter. 

16. Filtrate contains chromium and aluminium as Na2Cr04 and 
NajAljO^, divide solution in two parts, a and i. 

a. Make acid with HCjHjO,, then add a solution of Pb(C2H302)2 
— yellow precipitate = Cr. 

b. Acidify with HCl, and then add a slight excess of (NHJ^COj 
or NH4OH and boil — white flocculent precipitate = alumina. 

16. Residue left after treating fusion with water consists of Yq^ 
O3 and possibly some AI2O3. Test for iron by dissolving in HCl 
and adding NH^CyS — red color = iron (Note 13). 

Metals of First and Second Groups. 

17. To a small portion of the solution in which ammonia and 
ammonium sulphide have failed to produce a precipitate, or of 
the fluid filtered from such precipitate, add NH^Cl (if not already 
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present), NH^OH and (NH4)2C03, and heat gently for a few 
minutes (Note 20). 

18. No precipitate forms. 

Absence of Ba, Sr and Ca, at least in notable quantity (Note 21). 
Traces, however, may be present ; to detect them, proceed as fol- 
lows: Add to a portion of the solution some (NHJ^SO*; if the 
fluid becomes turbid it contains traces of barium. 

To another portion add some (NHJjQO^, and allow to stand a 
few minutes ; if a precipitate forms, traces of calcium are present. 

Treat the remainder of the solution, a portion of which you 
have just tested, according to 24. 

19. A precipitate is formed. 

Presence of Ba. Sr and Ca. Treat the whole filtrate with NH^ 
OH and (NHJ^CO,; heat gently for some time and filter; take 
two portions of the filtrate and test one with (NH4)^04 for traces 
of barium, the other with (NHJ,C,0^ for traces of calcium, which 
may possibly be present; if found, mix the two solutions and filter, 
and test the filtrate for magnesium according to 24. The remainder 
of the filtrate, to which neither (NH4).^S04 nor J[NH4),C,04 has been 
added, is tested for potassium and sodium according to 25 or 28, 
the method used depending on whether magnesium is present or 
not. 

20. Precipitate produced by (NH4),C08 (contains BaCO,, SrCOj, 
CaCOg). 

Dissolve in least possible quantity of HQHjOj. Take a small 
portion of this solution and add to it some CaS04. The course 
of proceeding now depends on whether the CaSO* gives an imme- 
diate precipitate or not. 

21. CaSO^ causes an immediate precipitate — proves Ba. 

To the remainder of the acetic acid solution add a slight excess 
(Note 22) of KgCrjOy and filter. Precipitate contains BaCr04 (yel- 
low). To the filtrate add NH^OH to alkaline reaction, and then 
(NH4)2COg; heat gently and filter. Reject filtrate. Dissolve the 
precipitate, consisting of SrCOj and CaCOj, in acetic acid, divide 
solution into two parts, a and b, 

22. a. Add an excess of CaS04, heat gently and shake well. A 
white precipitate proves Sr. (In dilute solutions the precipitate 
forms very slowly.) 

b. If strontium has been found in "^" (Note 23), add an excess 
of (NH4),S04 to solution " /^," boil, keeping solution alkaline with 
NH4OH, and filter. Reject precipitate (Note 24). 
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To the filtrate add (NH4),C,04 — a white precipitate shows pres- 
ence of Ca. 

If Sr is not present, the addition of the (NH4),S04 is omitted, and 
the calcium testec^for directly with NH.OH and (NH,),CA. 

23. CaSO^ does not give an immediate precipitate. 

In this case add a little more of the acetic acid solution to it, and 
test for strontium according to 22, a. Then take balance of solu- 
tion and treat it for calcium as directed in 22, b, 

24. Filtrate from [NH^)^C0^ precipitate, or solution in 

WHICH THAT REAGENT HAS FAILED TO GiVe ONE. 

Contains magnesium and the alkalies. Take the portion of the 
filtrate that has been freed from traces of Ba and Ca, by means of 
(NH,),S04 and (NHJ.CA (see 19), and add to it NH.OH and 
Na2HP04 — a white crystalline precipitate proves the presence 
of Mg. 

The method of testing for Na and K now depends on whether 
magnesium is present or not. 

25. Magnesium is present. 

As Mg interferes with the tests for the alkalies, it must be re- 
moved before testing for them. 

Evaporate the balance of the filtrate from the (NHJ^COj precipi- 
tate (19) to dryness, and ignite until all ammonium salts are expelled. 
Dissolve the residue in a little water, add baryta water as long as a 
precipitate forms, boil, filter; add to filtrate NH4OH and (NHJ2CO,, 
heat gently, filter and evaporate filtrate to dryness (add a little 
NH4CI during the evaporation, so that any alkaline hydroxide or 
carbonate will be converted into chloride) (Note 25); ignite gently • 
until all ammonium salts are volatilized, then dissolve in a very 
little water, and test for Na and K, according to 26 and 27. 

26. Test the concentrated solution in the flame on platinum wire. 
A strong yellow flame proves sodium. Confirm by adding to a 
portion or the solution some KjHjSbjOy (freshly prepared) — a white 
sandy precipitate indicates sodium. (In dilute solutions the preci- 
pitate forms very slowly ; its formation is aided by rubbing watch 
glass on which test is made with a glass rod.) 

27. To the remainder of the solution add a few drops of PtCl4 
— a yellow crystalline precipitate proves K. If no precipitate 
forms on addition of PtCli, evaporate the solution nearly to dry- 
ness and add alcohol, this will show the presence even of traces of 
K, by leaving undissolved a yellow powder consisting of K^PtClg. 

28. Magnesium is not Present. 
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In this case it is only necessary to evaporate the solution to dry- 
ness, ignite carefully to drive off all ammonium salts, then dissolve 
residue, if any, in a very little water, filter if necessary, and test for 
Na and K according to 26 and 27. 

29. Ammonia still remains to be tested for. Treat a portion of 
the original solution with KOH or Ci(OH)2 Test the liberated 
gas, if any, with moistened red litmus paper; if it turns blue, am- 
monia is present (color disappears on drying the test paper). 

Notes. 

Note I, — If the fluid is colorless, it contains no chromium. If 
colored, the tint will to some extent act as a guide to the nature 
of the substance present ; thus a green tint or violet tint turning 
green upon boiling, points to Cr; a light green to Ni ; a reddish 
color to Co ; the turning yellow of the fluid upon boiling with 
HNO3 to Fe. 

It must be remembered however, that these tints, except the 
last, are perceptible only if the metals are present in considerable 
quantity, and also that complementary colors, such as the green 
of Ni and the red of Co, will destroy each other, and that such a 
solution may be colorless. 

Note 2. — The HgS comes from the previous precipitation of the 
5th Group metals, by that reagent. If not removed it would 
cause a precipitation of sulphides on the addition of NH4OH, and 
thus hide the reaction given by the latter. 

Note j,—Th^ FeO should be oxidized to Fe^Oa, so that it will 
be precipitated on the addition of NH4OH. 

Note ^, — This only holds good for Al and Cr in the absence of 
non- volatile organic substances, especially acids such as citric and 
tartaric. Citric acid may also prevent the precipitation of Mn. 

If organic matter is present, it should be removed by evaporat- 
ing the whole of the .solution used for the 3d and 4th Groups to 
dryness and gently igniting. 

It is a good plan to moisten the dry residue before igniting with 
a little HNO3 (cone). The ignited residue is then dissolved by 
boiling with a small quantity of strong HCl and filtering from any 
insoluble residue. The solution is now ready to be tested in the 
usual way. 

Note 5. — The presence of much NH4CI has a great tendency to 
prevent the precipitation of borates and fluorides of the alkali- 
earth metals. 
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Note 6. — Magnesium oxalate is thrown down from HCl solution 
by NH4OH only after some time, and never completely ; dilute 
solutions are not precipitated by NH4OH. 

Note 7. — Phosphates, borates, etc., of the alkali -earth metals can- 
not exist in a neutral solution. 

Note 8, — NH4CI is added to prevent the precipitation of magne- 
sium and manganese ; it also promotes the precipitation of the metals 
of the 4th Group as sulphides. 

Note g, — A large excess of NH4OH should be avoided, as it in- 
creases the solubility of NiS in (NHJjS, and dissolves some 
Al,(OH),. 

Note 10, — If the filtrate is dark-brown, it indicates the presence 
of nickel, since NiS, under certain conditions, is slightly soluble in 
ammonium sulphide, especially if the latter contains any polysul- 
phides (indicated by color of the solution). Boil until {NH4)jS is 
all decomposed and the free ammonia driven off, then add a few 
drops of dilute HCl, and filter from the precipitate of NiS and S. 
Make filtrate alkaline with NH4OH, and proceed according to 17. 

Note II. — The addition of a little (NH4)2S to the wash water pre- 
vents the oxidation of the sulg^ides to sulphates, an action likely 
to occur when they are exposed to the air. 

Note 12. — Observe color of precipitate — if pure white it indi- 
cates absence of iron, cobalt and nickel. 

Note ij. — Iron is tested for in the original solution with K^Fe, 
Cyi2, and NH^CyS in order to determine which oxide is present, 
since after treatment with HjS or (NHJ^S it is always in the form 
of a ferrous salt, owing to the reducing action of these reagents. 
When making the test with NH4CyS, if the color does not appear 
on the addition of this reagent, add an excess of HCl to the test ; 
this will counteract the influence of phosphates, borates, etc., which 
interfere when present. 

Note 14.. — Iron must always be in the ferric form for precipita- 
tion by NaCjHjOj or BaCOj. 

If the iron is not completely oxidized, there is likely to form a 
red modification of ferric oxide that runs through the filter paper 
and is very insoluble. 

Note /J. — If the color of the solution indicates manganese, heat 
it with a few drops of alcohol, and filter from the precipitated oxide 
of manganese. 

Note 16. — The KCIO, is added to the fusion mixture to oxidize 
VOL. XI.— 15 ^ J 
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any chromium that might possibly have been left unacted on by 
the bromine, and then precipitated with the basic acetates. 

Note ly, — Be careful not to mistake a slight precipitate of sul- 
phur, which is quite likely to form in the hot acid solution, for 
one of ZnS. In case of doubt, confirm by the blowpipe test with 
Co(NOj)2. A very delicate way of making this test is to dissolve 
the supposed ZnS in a few drops of HCl, then add a drop or two of 
Co(N03)2; precipitate mixture with NajCOj, boil, filter and wash, 
and ignite precipitate on platinum foil. On triturating the residue 
the green color will be distinctly seen. 

Note i8, — Instead of the separation given in 12, the following 
method may be used : 

To the filtrate from the BaCOj precipitate add H,SO^ (dilute) in 
sufficient quantity to precipitate all of the barium in the solution, 
heat to boiling and filter. 

To the filtrate add KOH in excess ; the manganese precipitates 
as Mn(OH)2 (turning brown on exposure to the air), filter and 
pass Hj^S into the filtrate — a white precipitate proves Zn. The 
precipitate is sometimes dark-colored, owing to impurities; in 
doubtful cases always test it by the blowpipe. (See Note 17). 

Note /p. — The precipitate is dissolved in HCl, and then precipi- 
tated with NH^OH, in order to get rid of the excess of BaCO, In 
cases where there is only a slight excess of BaCOj, this operation 
may be omitted. 

Note 20, — NH^OII is added to prevent the possible formation of 
any bi-carbonate, and also because the precipitate of the carbonates 
is more insoluble in ammonia water than in pure water. Heating 
causes the amorphous precipitate to contract and become crystal- 
line, in which condition it is much more readily filtered; also de- 
composes any bi-carbonate. 

Note 21. — Owing to the slight solubility of BaCOs and CaCO, 
in NH^Cl, traces of these metals are often held in solution by 
the NH4CI present in the solution. 

Note 22, — A large excess of K2Cr207 is to be avoided, espe- 
cially in presence of much acetic acid, since BaCr04 is slightly 
soluble in chromic acid. The filtrate should only be colored a 
pale yellow by the excess of KjCrgOy contained in it. 

Note 2j. — It is not necessary to wait to see if Sr is found in " a " 
before testing for Ca. Proceed just in the same manner as if Sr 
was present, adding (NHj^SO^, boiling and filtering, and testing 
filtrate with the oxalate for calcium. ^ . 
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Note 24, — (NH^^SO^ precipitates calcium from strong solutions, 
so that the formation of a precipitate on the addition of this reagent 
does not prove the presence of Sr, unless the precipitate is repeat- 
edly boiled with the (NH,),SO, and NH.OH, which will finally re- 
move all of the CaSO^, leaving only the SrSO^. 

Note ^5. — In cases where the alkalies are present in the original 
solution as sulphates, the addition of Ba(OH)j2 to remove the mag- 
nesium converts them into hydroxides, and the latter, on the addi- 
tion of (NHi^COj, to precipitate th? barium, are changed to carbon- 
ates. 



THE INDIAN GRASS OILS. 

By F. D. dodge. 
(Continued from p. 167.) 

Condensation Products. 

Phenylyhdrazine combines with the aldehyde very readily : on 
mixing the two liquids in equivalent proportions a turbidity soon 
appears, and a marked evolution of heat takes place. On chilling 
the resulting liquid, crystals soon form, and a semi-solid mass is 
obtained. The compound does not appear to be stable, however, 
as all attempts to isolate it in a crystalline condition were fruitless. 

Aniline behaves similarly: the liquid product possesses a strong 
and rather disagreeable odor. Para-toluidine yields a similar 
compound. Attempts to prepare a condensation product with 
benzoic aldehyde were without result. 

Acetyl chloride reacts vigorously with the aldehyde : the pro- 
ducts have not yet been examined. 

The acid corresponding to the aldehyde has not yet been ob- 
tained pure. Ordinary oxidizing agents appear to split up the 
molecule, yielding fatty acids, etc. Potassium permanganate yields 
a mixture of acids, which smells strongly of ordinary valerianic 
acid. 

Action of Phosphoric Anhydride on the Aldehyde. 
Phosphoric anhydride acts very energetically upon citronellic 
aldehyde, and, unless kept cool, the liquid soon boils, and forms 
gummy products. 

50 grams aldehyde were placed in a flask cooled by ice. Phos- 
phoric anhydride was added in small portions, with constant agi- 
tation until no further heating occurred. The oxide was con- 
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verted into a reddish curdy mass, and the liquid assumed a yellow 
tint 200 c.c. water and 100 c.c. ether were now added, the mix- 
ture shaken well, and allowed to stand twenty-four hours. The 
liquid was then filtered from a white crystalline sediment, the 
yellow viscid ethereal solution separated from the watery layer, 
the latter again extracted with ether, and the combined ethereal so- 
lutions dried over calcium chloride. The ether was now removed 
on a water-bath and the residual oil fractione^d. Between 140° and 
180° a light oil passed over with some water. The temperature 
then rose rapidl> to above '300°, when a thick oil passed over, 
which possessed a pleasant odor resembling the high-boiling frac- 
tions of citronella oil. 

The light oil, after drying, was found to boil quite constantly at 
175° to 178°. It was heated with sodium for an hour on the water- 
bath, which produced a small brown precipitate. 

On redistillation it boiled at 175^, and on combustion : 

I. 0.1912 gram oil gave 0.2090 gram HjO and 0.6125 gram 
COj. 

II. 0.2343 gram oil gave 0.2336 gram HgO and 0.7500 gram 
CO 



2" 



Found. 

Calculated Ca)H 14 CioH^. I. II. 

C 89.55 88.23 87.36 87.29 

H 10.44 II 76 12.14 12.13 

This, then, is an impure terpene. To which class of terpenes it 
belongs has not yet been determined. 

The crystalline sediment above mentioned was washed with 
ether, dissolved in a little ether-alcohol, and allowed to crystallize. 
It forms square transparent plates, or short, apparently ortho- 
rhombic, prisms. This compound exhibits acid properties, dissolv- 
ing in alkaline carbonates with effervescence, and, on acidifying, is 
precipitated as a white amorphous mass, resembling benzoic acid. 
A phosphorus determination showed the presence of [4.86 per 
cent, of that element. I have not yet succeeded in determining 
the conditions most favorable to the formation of this body, and 
the study of its reactions has been hindered by scarcity of material. 
In the above experiment the yield of this compound was about 
2 grams. 

Constitution of Citronellic Aldehyde. 
Although it may be a little premature to discuss the structure of 
this aldehyde without more definite results, still the following 
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considerations are of interest : By reason of its unsaturation the 
aldehyde cannot possess a "closed-chain" nucleus; moreover, 
none of its derivatives, except the phosphoric compound mentioned, 
have been induced to crystallize, while the closely related borneol 
and menthol series, which possess " ring " nuclei, crystallize 
readily. 

The easy conversion into a terpene and into cymene, and the 
very probable occurrence of valerianic acid among the oxidation 
products, are of great importance in fixing its structure. 

The formula which most satisfactorily explains the chemical 
pro[>erties of the aldehyde is that of i^-methyl 5-iso-butyl allyl- 
acetic aldehyde : 

C,H, — CH =CH — CH(CH,) — CH, — COH : 



H,0. 




(terpene) 



2HBr + H,0 
(cymene) 



On oxidation it should give valerianic 
and pyrotartaric acids, the latter of which 
would readily lose carbon dioxide and 
pass into butyric acid. The asymmetry 
of the i^-carbon atom may account for its 
optical activity. 

Much work, however, remains to be 
done before any formula can be assigned 
with certainty to the aldehyde. 
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If such should prove to be the structure of this aldehyde, it would 
be an interesting example of a transition compound between the 
** fatty " or " open-chain " series and the terpene group. 

Examination of the Residual Oil. 

The oil filtered from the bisulphite precipitate was. by Kremers, 
separated into two portions; one, boiling below 200°, appeared to 
be an impure terpene; the other, boiling between 217° and 220°, 
on analysis, gave : 

Calculated CioHigO. 

c 77.96 77.92 

H 12.27 U.69 

This body he considered to be different from eucalyptol, and 
suggested that the name citronellol be retained for it. 

The writer's results were very similar. The oil yielded by the 
first pressing was collected apart. The ethereal washings were 
dried and, after removal of the ether, combined with the first. The 
product, a light yellow oil of peculiar odor, amounted to about 
350 c.c. 

This oil was now carefully fractionated. It commenced to boil 
at 185^, and the temperature rose steadily to 240°, above which it 
was considered unnecessary to fraction. At the tenth distillation 
the oil was almost completely separated into three portions. The 
first, a limpid, colorless oil, having a lemon-like odor, boiled'at 
177° to 180°, and amounted to 75 c.c. The second, a somewhat 
thicker oil, of slightly greenish color and having a pleasant, rose- 
like odor, boiled at 222° to 224®, and amounted to 120 c.c. The third 
portion consisted of products boiling above 240°, and was a dark- 
brown viscid liquid, having a pungent odor. 

The light oil, of b. p. 177° to 180°, is a limpid liquid, having a 
very pleasant citrine odor. Analyses gave : 





Calculate] C10H16 


I. 


II. 


c 


88.23 


84.8 


84.6 


H 


11.76 


11.6 


11.7 



The oil was evidently impure, and was distilled over sodium, 
which caused the separation of a dark flocculent precipitate. On 
repeated analysis I obtained : 





I. 


II. 


c 


8605 


85.9 


H 


11.9 


I1.7 
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It is evident that the oil retains a little of an oxygen compound 
very tenaciously. A vapor density determination by Meyer's 
method gave : 

D = 4.96; calculated = 4.70 

The quantity of substance at my disposal was not sufficient to 
permit further treatment, and it was not possible to identify this 
terpene. An attempt to prepare a tetrabromide was unsuccessful. 



This oil is a somewhat syrupy liquid, resembling in odor the 
citronellyl alcohol obtained by reduction of the aldehyde. On 
combustion : 

0.2342 gram oil gave 0.2563 gram H^O and 0.6693 gram CO,. 





Calculated CmHisO. 


CcoH«0 


Found. 


c 


77.92 


76.92 


77.8 


H 


11.70 


12.82 


12.15 



Its specific gravity at 26.5® was found to be 0.8741. This sub- 
stance appears to have the properties of an alcohol. Acetic anhy- 
dride converts it into a product possessing the characteristic odor 
of the acetyl derivative of citronellyl alcohol. With sodium, evo- 
lution of hydrogen occurs slowly in the cold, more rapidly on 
heating. The sodium compound is insoluble in ether, and when 
treated with acetyl chloride affords the same derivative as that ob- 
tained by direct action of acetic anhydride. These facts led me 
to doubt whether the composition QoHjgO could truthfully be as- 
signed to this compound. In fact, remembering the tenacity with 
which the terpene retains traces of this oxygen compound, it seemed 
more than probable that the latter was equally contaminated with 
terpene, the result of which would be to raise the percentage of 
carbon. 

Further, the occurrence of an aldehyde with an isomeric alcohol 
in an essential oil is quite anomalous, while numerous instances are 
known of aldehydes being accompanied by their corresponding' dX- 
cohols. 

To ascertain whether this was so, an attempt was made to purify 
the alcohol by means of the sodium compound. Sodium in small 
pieces was added to 10 grams of the supposed alcohol diluted with 
benzene, until no further evolution of hydrogen occurred on the 
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water-bath. The pasty mass was then thoroughly pressed between 
filter papers and washed with ether. When dry it was suspended 
in water, decomposed by dilute hydrochloric acid, the separated 
oil collected in ether, and the ether solution dried and fractioned. 
An oil was obtained, boiling at 224° to 226°. On combustion : 

I. 0.205 1 gram oil gave 0.2325 gram HjO and 0.5648 gram CO^ 

II. 0.2378 gram oil gave 0.2610 gram H^O and 0.6537 gram COj. 





OOculatcd QoH»a 


I. 


II. 


c 


76.92 


75.10 


74.98 


H 


12.82 


12.58 


12.18 



These results were far from satisfactory, and another method 
was tried. Haller* has shown that camphor and borneol may be 
separated by treating a mixture of the two with a bibasic acid. 
Borneol, being an alcohol, forms an acid ether, which dissolves in 
alkaline liquids. It seemed probable that this process could be 
applied for the separation of the desired alcohol from admixed 
terpene. 

16 grams of the oil boiling at 222° were heated with 13 grams 
succinic acid in a sealed tube, at 140° to 180^, for fifty hours. 
The contents of the tube were treated with excess of ether, and 
filtered from unaltered succinic acid. The ether solution was ex- 
tracted with potassium carbonate solution, the alkaline solution 
extracted with ether to remove traces of terpenes, and then boiled 
with caustic potash solution. An oil separated. This was col- 
lected and fractionated. It was found to boil at 225° to 230°, and 
possessed a faint odor of roses.* 

Analyses gave : 





Calculated C,»H«a 


CwH„0. 


Found. 


c 


76.92 


75.95 


75.96 


H 


12.82 


13.90 


12.79 



These figures are not much better than the previous ones. It 
seems probable, however, that the alcohol constituent of citronella 
oil is citronellyl alcohol Q^^^, 

The portion {D) was also fractionated. It behaved like portion 
{B), but yielded a much larger amount of high-boiling products, 
which oxidize readily and are difficult to treat. 

* C. ^., 108, 1308. 
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Finally, the results of the investigation show that citronella oil 
contains : 

1. Cilronellic aldehyde, CioHjgO. about 50 per cent. 

2. Citronellyl alcohol, probably, Q^H^O, about 10 per cent. 

3. A terpene or terpenes, Q^^H,,, about 6 per cent. 

4. High-boiling condensation products, about 30 per cent. 

It is interesting here to compare the composition of oil of tansy 
as determined by Bruylants.* It was found to contain an alde- 
hyde, CioHieO, the corresponding alcdhol, CjoHj^O, and a terpene. 

A sample of commercial oil of tansy which I examined showed, 
however, very small quantity of an aldehyde. 

RusA OR Ginger-Grass Oil. 

Dr. Stenhouse,t in 1844, examined a specimen of oil said to be 
the product of A, Iwarancusa^ and supposed to be the oil of Na- 
mur. It had a fragrant odor, somewhat like oil of roses, but not 
so rich, and a sharp and agreeable taste approaching that of lemons. 
From the large amount of resinous matter found in the oil, Sten- 
house concluded that it was pretty old. 

When distilled with water it left nearly half its bulk of fluid 
resin. The distillate was colorless, but the smell was not so agree- 
able as before distillation. On rectifying, it boiled at 297° to 320® 
F. Analysis of the product gave: C = 83.76 H == 11.46, evi- 
dently an impure terpene. By redistillation over sodium, the ter- 
pene was obtained nearly pure. The oil oxidized with great readi- 
ness ; the purified oil could not be redistilled without the formation 
of some resin. 

Gladstone,^ in 1864, found that " Indian geranium oil," from A, 
Iwarancusa^ consisted of a mixture of liquids from which it was 
very difficult to isolate any one with fixed boiling point. The 
density was found to be 0.9043 at 15.5°. A rotation of — ^ (for 
10 in.) was observed. 

Some years later a careful examination of this oil was under- 
taken by Jacobsen.§ He examined two samples. The first was 
greenish-yellow, with peculiar rose-like odor and feebly acid re- 
action. The specific gravity at 20° was 0.887. By chilling, no 
solid substance was obtained ; the oil was optically inactive. On 



♦ Ber. d. chetn.^ Gesell. 1 1 , 449. 
J Journ. Chem, Soc.^ 17, 10. 



f Journ. Chem, Soc.^ 1S44, 122. 
{ Ann., 157, 232. 
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distillation, 8 per cent, of ordinary alcohol was first collected, after 
which the temperature rose rapidly to over 200°, and by far the 
larger amount passed over between 210° to 240°. At 250° a 
thick brown oil remained, which, on further heating, gave off acid 
vapors. 

The second sample was more viscid than the first, reacted acid, 
and had the density 0.910 at 20.° It contained no alcohol, so that 
below 200° no distillate was obtained. At 270°, however, a residue 
remained in the retort, and this appeared to be a fat oil. In this 
case the adulteration amounted to at least 20 per cent 

The acid present in the oil was recognized as ordinary valerianic 
acid. 

Contrary to Gladstone's statements, fractional distillation sepa- 
rated a principal constituent, which boiled quite constantly at 232* 
to 233°. 

Analyses gave : 

Calculated. 

C 77.92 77 45 78.27 77.68 

H 11.69 '1.78 11.69 11.71 11.96 

This substance has the composition QoH^gO, and is isomeric 
with borneol, eucalyptol, etc. It is a colorless, strongly refractive, 
liquid of peculiar rose-like odor; it is miscible with alcohol and 
ether in all proportions, and insoluble in water; it does not solidify 
at 15*^, its boiling-point is higher than any of its isomers, and it is 
optically inactive (?). On exposure to the air it is very gradually 
altered, absorbing oxygen, and becoming a thick viscid mass. 

The density at 15° was 0.8851 ; at 21*^, 0.8813. With calcium 
chloride geraniol forms a compound which crystallizes when a 
mixture of the two is kept for some time at io.° 

Fusion of geraniol with potash affords valerianic acid ; this acid 
is also produced by long digestion with baryta or potash solution, 
or oxidation with permanganate. Chromic acid produces, in addi- 
tion, various fatty and dibasic acids. 

Distillation with phosphoric anhydride or zinc chloride pro- 
duces a terpene geraniene, 

Geraniol readily absorbs hydrochloric acid gas, with formation 
of a compound analogous to bornyl chloride. In fact, geraniol 
resembles borneol in most of its reactions, and is probably a mona- 
tomic alcohol, CjoH^OH. The physical distinction, that it is liquid 
and inactive, is true of nearly all its derivatives ^^?). 
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Geranyl chloride, CjoH„Cl, is a yellow oil, of peculiar aromatic 
odor. Its density at 20° is 1.02. It is optically inactive, and does 
not solidify at 15°. It cannot be distilled without decomposition. 
From the chloride various other ethers have been prepared. The 
sulphide forms a compound with mercuric chloride which is in- 
soluble in alcohol. 

Geraniene boils at 162° to 164°, and is inactive; it forms a 
liquid hydrochloride, but no hydrate by Wigger's method. 

Fliickiger has noted that the Khandesh oil does not yield a 
crystalUne compound with dry hydrochloric acid; by subsequent 
treatment with fuming nitric acid he obtained, however, crystals 
ofC.,H„HCl(?). 

I have been unable to secure a specimen of geranium oil of un- 
doubted genuineness. The commercial oil sold under that name 
passes through so many hands, and is subject to such opportuni- 
ties for adulteration, that it is impossible to be confident of the 
quality and authenticity. One specimen examined was found to 
behave exactly as Stenhouse has described. About one-half of 
the oil distilled below 180° leaving a thick residue. No portion 
corresponding to "^eraniol " was obtained. The distilled portion 
consists probably of a terpene or terpenes. Not being sure that 
this was really Rusa oil, I made no further examination of it. 

A sample of ginger-grass oil from Ceylon gave better results ; 
it seemed to be the oil described by Jacobsen. On distillation it 
passed over between 150° and 260°, leaving considerable residue. 
The portion between 100° and 170° contained water, and, as was 
shown by the iodoform test, ordinary alcohol. The principal 
fraction of the oil was at 227° to 233° ; this appears to possess 
the properties of geraniol. It also resembles closely the fraction 
of citronella oil of b. p. 222°, and the alcohol obtained by reduction 
of citronellic aldehyde. 

At an early stage in the investigation of citronella oil, the iden- 
tity of " geraniol " and Kremers's " citronellol *' seemed to the writer 
very probable. Later experiments showed, however, that " citron- 
ellol," although giving analytical figures corresponding to the 
formula Q^H^gO, was more likely a mixture of citronellyl alcohol 
CjoH^O, with a small amount of terpene. It remained to be demon- 
strated whether " geraniol " also was a similar mixture or a definite 
compound. Jacobsen in his work makes no mention of a terpene 
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in the oil ; the occurrence of one, however, was to be expected, and 
an attempt was made to isolate it. 

400 grams of the ginger-grass oil was carefully fractionated. 
The portion, 170° to 200°, amounting to about 10 grams after 
six distillations, was allowed to stand over sodium several days, 
the oil filtered from the gelatinous precipitate formed, and rectified. 
Xhis was repeated several times, until the amount of oil had dimin- 
ished very much, when an analysis was made with the results : 

C = 8i.50 H=i2.3. 

This would indicate a mixture of alcohol with terpene; for 
example, a mixture of equal molecules of each would give on 
analysis: C = 82.i H=i2.3. 

The hydrocarbon, if present in the oil, is there in very small 
amount. It may possibly have been formed by the action of the 
sodium. 

On treating the " geraniol " from this oil with succinic acid, by 
Haller's method, an acid succinate, resembling in appearance and 
odor that from citronella oil, appeared to be formed. The product 
was unfortunately lost before an analysis was made. 

Oxalic acid cannot be substituted for succinic acid in this reac- 
tion, as at 140° a vigorous reaction occurs, with condensation and, 
probably, reduction. 

Whether " geraniol " and *' citronellyl alcohol " are identical is 
at present undecided. I hope, by future experiments, to settle this 
question. 

Oil of Lemon Grass. 

Gladstone,* in 1864, noted that lemon-grass oil was scarcely dis- 
tinguishable from citronella oil. He found the specific gravity at 
15.5° to be 0.8932; the index of refraction [D] at 24°, 1.4705; 
rotation, — 3° (?). 

Fliickigert observed that this oil behaves with bisulphite ex- 
actly as citronella oil. 

Some preliminary experiments by the writer have corroborated 
this statement. The aldehyde liberated from the bisulphite com- 
pound has the characteristic odor of the oil, and seems to be quite 
different from citronellic aldehyde. 

* Joum, CAem, Soc,^ 17, 10. f Pharmacographia, 
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Oil of Vetivert. 

In 1809 Vauquelin* examined vetiver roots brought from the 
Isle of France in 1808 by M. Jannetl These were of a yellowish 
color, and possessed an odor similar to the Virginia snake-root. 
On analysis they were found to contain: i. A resin of red-brown 
color, of bitter taste, and odor very like that of resin of myrrh. 
2. A coloring matter soluble in water. 3. An acid. 4. A calca- 
reous salt, oxide of iron, and woody tissue. He remarked on the 
close resemblance of the resin of this plant to myrrh. 

The oil of vetivert seems to have been first investigated by Glad- 
stonef in 1 872. 

He found the density 1.007 at ^9-5*^ C. Refractive indices [A] 
= 1.5147; |D]= I.5218. 

The crude oil is very viscid, of a dark-brown color, with an 
odor suggesting both santal-wood and patchouli. On repeated 
distillation it was found to consist mainly of a liquid boiling at 
280** to 283°, but treatment with sodium showed this to be a 
mixture. 

An oil obtained from the manufacturers in New York answered 
well to this description. As already noted, the oil seems to be 
free from aldehydes or ketones. It has not yet been studied. 

In conclusion, the writer desires to acknowledge his obligation 
to Dr. N. L. Britton and Mr. C. E. Colby, of the School of Mines, 
and to Dr. Charles Rice, of Bellevue Hospital, for valuable infor- 
mation and assistance in this work. 



THE FREEZING PROCESS AS APPLIED AT IRON 

MOUNTAIN, MICHIGAN, IN SINKING A SHAFT 

THROUGH QUICKSAND. 

By D. E. MORAN. 

The freezing process for excavating in quicksand was first 
employed in 1883, by F. H. Poetsch, a German mining engineer, 
at a shaft sunk at the Archibald Lignite Mine, near Schneidlingen, 

* Ann, Chem. Phys.^ 72, 302, t Joum, Chem, Soe,^ 1872, 3. 
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Prussia.* The shaft had been carried by the ordinary process to 
a depth of over lOO feet, and was within i8 feet of the lignite when 
a layer of quicksand was encountered. Other methods having 
proved unavailing, Herr Poetsch drove pipes through the quick- 
sand, circulated a refrigerating brine through the pipes, and 
eventually froze a wall of quicksand 5 feet thick around the pro- 
posed shaft. Inside of this wall, the excavation was continued 
and the lining carried down until a junction was made with the 
lignite. 

Following this, in 1884, Herr Poetsch sank a shaft for Dr. 
Werner Siemens at the Centrum Mine, near Berlin, passing 
successfully through 107 feet of quicksand. f Two shafts were 
sunk at about the same time at the Emilia Mine, near Dobriluk 
Station, on the Berlin-Dresden Railway.J At the Houssa Col- 
liery, in Belgium, the process was employed in a layer of quick- 
sand 40 feet thick, which was encountered at a depth of 195 feet§ 
At the Max Mine, near Michalkowitz, a sudden inflow of Mater 
resulted in the abandonment of the work.|| This failure is said to 
have been in no way chargeable to the process. At Stockholm, 
in 1885, Captain Lindmark, of the Swedish Royal Engineers, 
employed the process in driving a tunnel heading 80 feet through 
loose wet gravel, without disturbing the foundations of buildings 
which were immediately above the tunnel.T[ This was the first 
attempt to use the process in tunnelling. 

In America the process was first employed at a shaft sunk at 
Iron Mountain, Mich., for the Chapin Mining Co., as is hereafter 
detailed. 

General description of the location of the shaft, — The strike of 
the ore-body at the Chapin Mine is, roughly speaking, at right 
angles to the axis of the valley in which the workings are located. 
The outcrop is only slightly covered with soil on the side hills, 



* Engineering News^ June 7, 1884, contains a translation of an article in Zeit- 
schrift fur Berg.y Hutten.^ und Salinenwesen in Preussischen Staate^ describing this 
shaft. 

t Engineering News^ July 5, 1884. { La Geni Civil^ June 1 3, 1885. 

J Bulletin de la Societe dt P Industrie Minerale^ vol. ii., p. 21. Engineering News 
of June 29, 1889, contains an abstract of the article. 

II Berg und Huttenmannische Zeitung^ Berlin, April 18, 1884. 

\ A paper by T. B. Lighlfoot, Trans. Br. Ass'n Mech. Eng.,M^y, 1886, gives a 
brief description of the Stockholm tunnel. 
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but in the swampy centre of the valley it is heavily overlaid with 
drift. The first opening, a slope following the dip of the ore, was 
made near the original discovery high up on the side-hill. Sub- 
sequently shafts were sunk through the overlying rock to the ore 
at points further down the hill. As the workings were pushed 
out from these shafts, under the swamp, and toward the centre of 
the valley, new shafts were needed for ventilation, to shorten under- 
ground and surface haulage^ and also to enable the mine to be 
drained at the point where the lift of the pumps would be at a 
minimum. For all these purposes, the most desirable location for 
a shaft was the centre of the valley. But the difficulty of sinking 
increased as the location of the shaft left the hill-side and entered 
the swampy bottom lands. 

The material overlying the rock in the central part of the valley 
is largely fine sand, having a little clay mixed with it. In the pres- 
ence of water this material is very unstable; as the miners put it, 
**it will run where water will," and it is very destructive to pumps. 
Through this sand occur layers of gravel and boulders. Many of 
the boulders are of large size, and so closely packed as to give 
the effect of having been laid by a mason. 

The water-level in this material was originally about up to the 
surface-level of the central part of the valley. Pumping and sur- 
face-drainage reduced it generally before the commencement of 
the work to be described, but the country was still "a lake with 
its bed just above water." 

The mining company made several attempts to get a shaft 
down through this swamp, but failed entirely, only demonstrating 
the difficult nature of the undertaking. Finally, in 1887, a con- 
tract was entered into with the Poetsch-Sooy smith Freezing Com- 
pany, the owners of the American patents covering the freezing 
process, by which the latter agreed to sink a shaft of circular sec- 
tion to the ledge at a point where the overlying material was not 
over one hundred feet thick. 

The location selected for the shaft was in the centre of the 
valley, close by the small stream which carries the surface-drain- 
age of the small tributary water-shed. It was, therefore, at the 
lowest level possible. In reference to the ore- body, it was located 
so as to go down in the country rock on the foot-wall side, the 
experience of the mining company having been that shafts going 
through the hanging-wall are short lived. Trial borings showed 
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that the drift overlying the rock was 95 feet thick at the centre 
of the shaft, and that the water-level stood to within 10 feet of its 
surface. This water-level was below the normal, having been 
reduced by pumping operations at neighboring shafts, and sub- 
sequently varied considerably from the same cause. 

Freliminary Work, — The original design was for a shaft circular 
in section, with a lining of cast-iron plates. On this basis it was 
decided to sink 26 8-inch pipes vertically through the drift to the 
ledge, so arranged in plan as to be equally spaced around the 
circumference of a circle of 29 feet diameter. The pipes had to 
be nearly vertical, absolutely tight under pressure, and their lower 
ends had to be securely closed. It was decided to be impracti- 
cable to sink these pipes independently and have them fulfil the 
requirements, so lo-inch pipes were sunk first to serve as tempo- 
rary casings, inside of which the 8-inch pipes might be put into 
position with safety. To do this, a pipe-sinking derrick was erected 
on the site, and so arranged as to revolve around a heavy pivot at 
the centre of the shaft, the weight of the structure coming on loose 
wooden rollers. These rollers were truncated cones, whose com- 
mon apex was at the centre of the shaft. They rested on a circu- 
lar sill of heavy timber. The whole structure was so designed 
that the centre of the guides for the pipe was 14 feet 6 inches from 
the centre of the pivot, and hence the location of the pipes on the 
29-feet circle was insured. 

In order to force the lo-inch pipes through the layers of heavy 
boulders, it was found necessary to resort to such extreme measures 
that several lines of pipe were broken or bent, and had to be with- 
drawn. The following means were employed : 

1. An ordinary pile-driver ram, with wooden follower. The 
follower fitted over a cap which was screwed on the upper end of 
the pipe. The cap protected the screw-threads while the follower 
served as guide to the pipe, and reduced the upsetting effect of 
the hammer. 

2. A rotating device, driven by gearing from a steam-engine, 
used to revolve the pipe, while a cast-steel shoe, with hardened 
steel-cutting teeth at the bottom of the pipe, made a boring tool. 

3. A water-jet going down to the shoe through a pipe of smaller 
diameter inserted in the lo-inch pipe. 

4. A platform carrying heavy weights arranged to bear down 
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on the pipes and used in connectioi\ with the jet and rotating de- 
vice. 

As soon as a lo-inch pipe was in position, with its lower end 
some inches into the ledge, a line of 8-inch pipe was lowered 
into it, the first section having previously had its lower end closed 
by welding in an iron plug. The 8-inch pipe was made of ^th- 
inch iron plate, the sections going together with male and female 
taper screws cut out of the thickness of the pipe, making a flush 
joint inside and out. As each joint was made, it was tested under 
heavy water-pressure, and if tight, the line was lowered the length 
of a section, and the next joint made and tested ; and so on until 
the entire length was completed. Then the lo-inch 'casing was 
drawn, with use of water-jet, leaving the 8-inch pipe in contact 
with the soil. In this way, 26 lines of 8-inch pipe, varying in 
length from 87 to 97 feet, were put in position. This part of the 
work was one of great difficulty owing to the number and size of 
the boulders encountered. Under the terms of the contract it was 
done by the Chapin Mining Company, and upon its completion 
the work was turned over to the Freezing Company, by whom all 
subsequent operations were conducted. 

Refrigerating Machine and Connections. — A Linde ice machine 
(ammonia compression type), of 50 tons refrigerating capacity,* 
built by F. W. Wolf, of Chicago, was put in position close by the 
circle of pipes. A brief description of this machine may be of 
interest, although it is immaterial what machine is used, provided 
the required capacity is obtained. The machine, in common with 
others of its type, possesses the following essential parts: 

1. An ammonia compressor or pump with suitable motive power. 

2. Pipe coils surrounded by constantly changing cooling water. 
In these coils the compressed and heated gas coming from the 
ammonia compressor is cooled to such a temperature that, at the 
pressure existing in the coils, it condenses to the liquid form. 

3. A valve, regulating the flow of the liquid ammonia from the 
above- described coils into — 

4. A second set of pipe coils, surrounded by brine or other 
vehicle. The liquefied ammonia passes from the regulating valve 

♦ One ton, refrigerating capacity, is equivalent to the cooling eflfect of one ton ol 
melting ice, or 2000 pounds X latent heat ice = 2000 X 142 -}- = 284,000 -|- British 
thermal units. 

VOL.'XI. — 16 
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into these coils and immediately expands, absorbing the necessary 
heat from the surrounding brine. From the coils the gas is led 
back to the compressor, completing the cycle. 

The motive power for the ammonia compressor was furnished 
by an Allis-Corliss engine, connected with the compressor by a 
shaft carrying a heavy fly-wheel. The engine was i8"x42", 
used compressed air* at 60 pounds pressure and developed 55 
H. P. at 60 r. p. m. 

The ammonia compressor was of simple design and had ample 
bearing surfaces, so that a seven months' run was completed with- 
out any shut down for repairs or hot bearings. 

It is mucTi to be regretted that no test was made of the efficiency 
or capacity of the ice machine under the conditions existing at 
Iron Mountain, as it would have been of great interest to know 
the total number of heat units taken from the soil to compare with 
calculations based on the observed effects. 

The brine used as vehicle between the refrigerating machine 
and the soil was a solution of the impure CaCl, of commerce. 
According to an analysis furnished by the manufacturers, the 
•* chloride of calcium '' contains : 

Percent. 

CaCU .60 

NaCl 5 

MgCl IS 

H,0 20 

but in one freshly taken sample the percentage of water was at 
least 30. A saturated solution of CaClj is said to have a freezing 
point of — 40° Cent, (or Fahr.). No trouble from freezing of the 
brine was experienced at the temperatures used at Iron Mountain, 
except when the specific gravity of the solution was below 1.200. 

The cooling of the brine by contact with the expansion coils 
was effected in a 10' x 10' tank in which the coils were immersed, 
the brine being kept in motion by a stirring device. 

From this refrigerating tank the cold brine was pumped through 
a system of distributing pipes and regulating valves to the ground 

* The power used at the Chapin mine is furnished by an air compressing plant 
at the Quinnessec Falls of the Menominee river, distant about three miles. For 
a brief description of this interesting plant, said to be the largest of its kind, see 
catalogue of the Rand Drill Co. 
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pif)es, and after circulating through the ground pipes, a system 0£ 
collecting pipes returned the brine, warmed by conduction from 
the soil, to the refrigerating tank. The circulation of the brine 
in the ground pipes was affected as follows (see Fig. i, Plate i). 

Each 8-irich ground pipe was capped with a 8" to 4" reducing 
coupling, and this connected by a short 4-inch nipple, with a 4" x 2" 
X 2!' tee. The 2 -inch side opening of this tee connected with the re- 
turn system. Through the 2- inch top opening ran a" long threaded " 




HAtFEieVA-; HALF 
TION. !5tCTlON. 



2-inch nipple with jamb nut above. This nipple extended some 18 
inches below the 4" x 2" x 2" tee, and was there connected by a i ^" 
X2" reducing coupling with a line of I )^-inch pipe extending down 
the centre line of the ground pipe to within a few inches of the 
bottom. The upper end of the 2-inch " long threaded " nipple was 
capped by a 2" x 2" x 2" tee, from the side opening of which 
connection was made with the distributing system. The brine 
entered through the top connection, passed down through the line 
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of I ^-inch pipe to the bottom of the ground pipe, returningthrough 
the annular space between the i )^-inch pipe and the 8-inch pipe, 
and going out through the lower 2-inch side connection. 

The velocity of the brine in the inner down-flow pipes was 2 feet 
per second, the brine changing every twenty-five minutes in the 
ground-pipes. 

The circulation of the brine through each pipe was adjusted by 
means of the regulating valves, V and V^, Plate I., so as to bring 
the temperature of the return streams as nearly equal as possible. 
This method of regulation was designed to render the effect of 
each pipe equal in the event of the conditions affecting the pipes 
being different. 

The connecting pipes above ground were not protected in any 
way, so that immediately after starting, the condensation of moisture 
from the atmosphere coated the pipes and connections with a snow- 
like ice, which increased in thickness until some very picturesque 
effects were produced. The coating, moreover, served as a cheap 
and effective lagging. 

Results of Refrigeration. — On starting the refrigerating machine 
and the circulating pumps the temperature of the brine fell rapidly 
at first, and then more gradually, until a minimum was reached, 
after which it very slowly rose until the completion of the shaft. 
The fluctuations of the temperature of the brine returning from 
the ground-pipes are shown graphically on the accompanying 
progress diagram. The temperature of the brine entering ground- 
pipes was nearly constantly i° C. lower. The temperature, as 
shown, cannot be relied upon as absolutely correct, as the ther- 
mometer used for a part of the record was lost by the parties to 
whom it was sent for comparison. 

The record shows a connection between the temperature of the 
brine and the atmospheric temperature, which is due to the effect 
of the latter on the cooling water. 

The loss above ground in the connecting pipe, due to the heat- 
ing effect of the atmosphere, is shown by measurements taken on a 
subsequent work to be inconsiderable. The effect of the atmos- 
phere on the temperature of the cooling water is, on the contrary 
(and as to be expected), of the greatest importance. 

The effect of starting the ice machine and the circulation of 
brine was immediately apparent. The ground froze around each 
pipe, forming cylinders (or, as they were afterward found to be. 
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cones), which increased in diameter until adjacent cylinders inter- 
sected, thereby forming a continuous circular wall extending from 
the surface of the ground to the underlying rock, and constituting 
a coffer-dam enclosing the proposed shaft. The rate of freezing 
around the shaft was substantially uniform, according to surface 
indications. A test-pipe sunk midway between two adjacent 
ground*pipes was found to be frozen six days after starting re- 
frigerating machine, and a second test-pipe, 5 feet 3 inches distant 
from the pipe circle (toward the centre of the shaft), was frozen on 
the twenty-first day. 

On excavating down to and below the water-level the wall was 
found to be complete and tight under pressure, and no water at 
any time came through the frozen wall, although, as subsequently 
to be described, water did find its way through the rock ledge, and 
finally between the ledge and the base of the frozen wall. As the 
excavation progressed the diameter of the core of unfrozen material 
in the centre of the shaft decreased. This was due primarily to 
the difference in elapsed time, but also in some degree to an effect 
of the method of circulation. The brine being introduced through 
a small pipe in the centre of the 8-inch ground-pipe, reached the 
bottom at nearly its initial temperature, so that the lowest tem- 
perature, and consequently the greatest freezing effect, was at the 
bottom of the pipe. With a nearly constant difference of only i ^ 
C. between the top and bottom of the pipes, there was a marked 
difference in the distance frozen, as determined at the completion 
of the work by means of a small trial shaft sunk on the outside 
of the wall to a depth of 20 feet. From the bottom of this shaft 
a steel bar was driven down 10 feet further, following the frozen 
material, and for that depth there was shown to be a nearly uniform 
batir of about one in fifteen. It was not determined, however, 
that this increased thickness was due to this cause alone. 

It is apparent that the difference in temperature between top and 
bottom of the pipes, and probably the extent of this coning, could 
be regulated by varying the rate of circulation. There is a theo- 
retical advantage in the cone form, as the pressure on the frozen 
wall increases directly with the depth. On the other hand, the 
difficulty of excavation increases as the wall thickens and the 
unfrozen core diminishes in diameter. 

The rate of freezing varied in different materials, according to 
the amount of water contained. Several careful experiments gave 
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17 per cent, of water in the fine sand. Where gravel or boulders 
were imbedded in the sand, this percentage was largely decreased 
and the distance frozen was correspondingly greater. 

The effect of the water can be seen from the following approxi- 
mate calculation of the number of heat units required to reduce 
the temperature of i cubic yard of saturated quicksand from 10' 
Cent. (50^^ F.) to — 15*^ Cent. (5^^ F.) limits which agree with prac 
tice for material in close proximity to the freezing pipes. 

Pounds. 
I cubic yard of saturated sand, as determined by experiment, 

weighs 3360 

Weight of water, 17 per cent., =-571 

»* ** sand, 83 " " —-2789' 

Specific heat of water, =1.0 

** " *• sand, —0.2 



»< ^^ 



»ce, r-0.5 



Latent •«*••« 80 Cent., lb. h. u. 

Heat units abstracted from the sand, 

Weight. Specific Heat. Rangv of Temperature. Cent. lb. h. u. 

2789 X 0.2 X [io<>— (— 15«)=25«] —13.945 
Heat units abstracted from contained water, 

1. To reduce to o® Cent., 

Weight. Specific Heat. Range of Temperature. 

571 X 1.0 X 10® = 5,710 

2. To freeze. 

Weight. Latent Heat. 

57» X 80 =45.680 

3. To reduce to — 15° Cent., 

Weight. Specific Heat Range of Temperature. 

571 X 0.5 X 15"* =7 4,282 

Total, =55.672 

Summary. 

Heat units in sand = 79.97 per cent., = 13,945 

Heat units in contained water = 20.03 .... =55,672 

ToUl, =69,617 

Or, the water in the sand consumes nearly 80 per cent, of the 
refrigerating effect. If, then, the sand be replaced in part by ma- 
terial not containing water, the work of freezing will be propor- 
tionately reduced. 
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The above figures do not, in any degree, represent the amount 
of freezing effect required to produce a cubic yard of frozen wall 
in practice. Beside the loss due to radiation above ground, the 
following causes produce greater or less losses. 

1. Conduction from subterranean sources of heat. 

2. Conduction from surface. 

3. Flow of subsoil water. 

It must, moreover, be remembered that the work of refrigera- 
tion, as distinguished from the work of freezing, includes the 
cooling of a quantity of material beyond the limits of the frozen 
wall. The proportion of the work beyond the 0° Cent, line to 
the entire work, in any case, will depend on the rate of conduction 
through the soil, to the extent to which freezing has progressed 
and to the rate of freezing. 

Considering the case of a single pipe, it is evident that, for a 
given capacity of ice machine, there will be a constant number of 
heat units to pass through each square foot of surface of pipe on 
the supposition that the capacity of the refrigerating machine re- 
mains constant at different temperatures and that the work is 
evenly distributed in the pipes. If there were no losses, the amount 
of sand frozen should, in general, vary with the time or the dis- 
tance from centre of pipe with the square of the time. 

In the same case, the temperature of the brine should vary 
inversely, as the thickness of the wall or as the square root of the 
time. 

When the freezing action of the different pipes begins to co- 
operate, the above relations change, and the rate (average of inside 
and out) of freezing becomes more rapid. It then, theoretically, 
remains constant until the interior of shaft becomes frozen solid, 
when the entire work of the machine is outward and the total 
pipe-area can be considered as acting outward from the line of the 
pipe-circle. 

The above expressions are not to be taken as anything more 
than general, as the problem is really very complicated, involving 
a discussion of the conduction of heat (or cold) from several 
sources, through a medium whose conductivity changes greatly at 
one point (0° Cent.) and in which the presence of water requires 
that its latent heat shall be taken into account, which latent heat 
must, moreover, be considered as being developed at the con- 
stantly varying limit of frozen ground. 



Digitized by VjOOQIC 



248 THE QUARTERLY, 

Characteristics of Frozen Quicksand. — The character and strength 
of frozen sand will probably be found to vary with different sands. 
The sand at Iron Mountain was very fine, and to the eye and 
touch it seemed to be composed of grains of fairly uniform size, 
without sharp edges. Under a low power microscope, however, 
the size of the grains is seen to vary from a maximum of about ^ 
of an inch for the greatest dimension down to what still appears 
under the glass to be a mere sf)eck. The angles of the grains 
apf)ear as sharp as in ordinary building sand, but the grains do 
not appear clean and there is a slight tendency to cake. A sample 
taken from the centre of a lump, as excavated, and tested for size 
of grain, gave the following results : 

ICO grammes were weighed, and of this 

1.8 grammes were stopped by an 8o-mesh screen. 

2.0 " ** ** ** loo " " 

26.6 " " ** " 190 ** " 

68.7 " passed 190 " " 
.9 "' ** lost. 

1 00.0 Total ; or nearly 70 per cent passed a i90-mesh screen. 

Tests were made during the progress of the work to determine 
the strength of this material when frozen. Briquette moulds were 
filled with saturated sand and frozen, the resulting briquette being 
kept at a low temperature until tested. An ordinary Fairbanks 
Cement Tester was used for both tensile and compressive tests. 
The compressive tests were limited by the size of the machine to 
one-inch cubes, which were formed roughly by the same method 
as used for the tensile strength briquettes. The tests were made 
in a cold room, but the temperature of the test pieces was not de- 
termined, nor is it known what effect^ if any, the degree of cold, 
below 0° Cent, has on the strength of the material. The results 
were as follows : 

Tensile Strength. 

Average of 4 tests, 431 p>ounds per sq. inch. 

Maximum result 491 ** " ** " 

Compressive Strength. 

Average of 8 tests, 575 pounds per sq. inch. 

Maximum, 880 " " " " 

Frozen quicksand can be regarded as a mortar in which the 
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cementing material is ice, and, as in a cement mortar, the strength 
will probably be found to depend on the quality of the sand and 
the presence of sufficient cementing material as well as on the 
strength of the cement. 

Frozen quicksand looks like a fine-grained sandstone. It is 
perfectly homogeneous, breaks with a tendency to conchoidal 
fracture, and is as hard to work as a stone of similar character. 
When mixed with gravel or boulders the mass resembles con- 
glomerate or a concrete made with similar stone. The difficulty 
of working the material is more than doubled by the presence of 
gravel, which greatly increases its tenacity and dulls the pick points 
or " moils " of the miners. The strength with which the quick- 
sand adheres to the stone is shown by the line of fracture in such 
material. There seems to be no tendency for the rounded boulders 
to pull out of the quicksand but rather for the break to follow 
the shortest line, whether through flint or quicksand. 

When exposed to air of a temperature below freezing, the sur- 
face of detached pieces of frozen quicksand becomes sandy from 
the dry evaporation of the ice. This process goes on very slowly 
and is not apparent where the surface forms part of the frozen wall, 
as its temperature then is generally sufficiently below the dew 
point to cause a deposition of frost on all exposed surfaces. In 
the same way when the shaft was flooded the exposed surfaces, 
instead of being disintegrated by contact with the water, were soon 
coated with ice, and on pumping out the entire interior of the shaft 
had a remarkable aspect — the general effect being as if the rough 
timber and surfaces of excavation had been heavily varnished. 

Excavation. — The progress of the excavation and timbering is 
shown by the accompanying diagram, which also shows the varia- 
tions in temperature of the atmosphere, and of the brine returning 
from the ground. On the fifteenth day after starting the ice 
machine, excavation was begun with two gangs, working ten hours 
each. On the twenty-third day the supply of compressed air for 
the engine of the ice machine failed, and for sixty hours the ice 
machine was idle while a connection to an adjacent steam-boiler 
was being made. 

During this time excavation was suspended, and the temperature 
of the brine rose. Excavation and timbering was resumed on the 
twenty eighth day, and continued without interruption until the 
seventy-fourth day, when cross-timbering was begun. This occu 



Digitized by VjOOQIC 



250 THE QUARTERLY. 

pied four days, and but little excavation was done during this 
time. 

At this time, and for ten days previously, a small amount of 
water found its way into the shaft, coming up through the unfrozen 
core. As the excavation progressed this increased in amount, so 
that a small piimp was placed to keep the shaft dry. At first no sand 
came with the water, and no difficulty was occasioned, but on the 
ninety-third day the water increased in quantity and sand began 
to come with it. Additional pumps were put in position, but as 
the flow of sand greatly increased, the shaft was temporarily aban- 
doned, and filled with water up to the water-level in the soil in 
order to equalize the pressure and prevent any further flow. 

The reason (as was subsequently demonstrated) for the increase 
of the water and the flow of sand is this: As the excavation pro- 
gressed, the unbalanced water-pressure outside caused a small flow 
of water through seams in the ledge and into the unfrozen centre 
of the shaft. This flow of comparatively warm water gradually 
heated up the part tally-frozen ledge and opened new passages, in- 
creasing the flow and ultimately thawing the base of the frozen 
wall, allowing the stream to flow directly in, carrying sand with it. 
At this point the increase of water was naturally very rapid, and 
the opening enlarged constantly, making a shut-down imperative. 

In order to close this leak an additional freezing-pipe was put 
in place inside of the shaft and near the location of the leak. Th« 
pipe was jetted down into position, and brine circulated through 
it continuously. On the one hundred and twenty-fifth day the shaft 
was unwatered, and excavation begun again, only a small quantity 
of water coming in. The sand which had come in with the water 
was speedily removed, together with tons of ice which had formed 
on the walls of the shaft. Sinking was then resumed, and the flow 
of water being small, good progress was made. On the i3Sth day 
the sump was 7 or 8 feet in the rock, or nearly finished, when the 
flow of water increased very suddenly, driving the men up, stop- 
ping excavation and necessitating a .second shut-down. The 
water came into the shaft at a point 5 feet above the bottom of the 
excavation where the base of the frozen sand-wall joined the ledge. 
Before flooding the shaft a coil of pipes was suspended against the 
wall at this point, and pipe connections were carried from it to the 
refrigerating machine. The shaft was then again flooded. 

After a period of freezing and trial pumping, the shaft was 
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pumped out for the last time. The leak was effectually closed, 
and the excavation was completed without further difficulty. 

Lining, — ^The timbering was put in position by the regular gang 
of miners after all the framing had been done on surface. The 
first and uppermost set of timbers was hung from heavy sticks 
which extended along two opposite sides of the shaft, and which 
were sufficiently long to get a solid bearing at each end 6 feet back 
from the edge of the excavation. 

As the timbering progressed, each set was hung by links and 
screw-bolts from the one immediately over it. Only the main 
timbers and the 4-inch lagging were put in position at first, the 
cross-timbers (or *• dividers'") not being put in until the timbering 
was nearly completed, and then in reversed order, beginning at 
the bottom and working up. The operation of putting in a set 
was as follows : The set having been framed, assembled and marked 
above ground, the first pieces sent down were the two opposite 
ones, b and b\ Figs. 2 and 4, which were to be hung from the set 
above, and support in turn the other two pieces, c and ^, Figs. 2 
and 4, by their halved ends. Pieces b and b' being in position, 
hanging loosely by the links and screw-bolts, pieces c and c' were 
put in place without special care as to exact position. The four 
comer-pieces (" studdles ") came next, and then the nuts on the 
screw-bolts were sufficiently tightened to steady the whole. All 
the pieces were then carefully adjusted, wedges being put in between 
the timbers and the frozen wall, and tightened or loosened until the 
set was square and in line. The nuts were then tightened finally, 
and the corner posts spiked. 

The lagging was then sent down, sawed to proper lengths, and 
was put in place, commencing at the corner posts. The i ^" by 
I J^'' strip, spiked on outside of each timber, served to support 
each piece of lagging temporarily, while heavy wooden wedges 
were driven in the space between it and the frozen wall. It was 
considered desirable to fill this space as fully as possible, and 
where the material was especially fine, hay was also packed in 
with the idea that it would, when wet, swell and fill the cracks 
between the 4-inch lagging pieces, and prevent any sand from enter- 
ing. The only difficulty was to get the last piece in position, and 
careful fitting was necessary to have it go in tight. 

When the lagging was completed, the wedges driven in tightly- 
all around, made everything solid and immovable. Subsequently,. 
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however, 2" by 4" pieces were spiked to the lagging and to the 
timbers, and the joints between the pieces of lagging were water- 
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proofed by strips of tar paper dipped in hot pitch and held in 
place by battens. / 

The details of the timbering are shown in Figs, i to 4, Plate 2. 
The timbering followed the excavation closely chiefly to save the 
trouble of scaffolding. The last fifteen fe%t of the shaft was close- 
timbered from the bottom up, as will be more fully described 
hereafter. 

The solid, rock-like walls of the excavation enabled the work of 
lining the shaft to be done with extreme precision, so that the 
finished shaft was nowhere more than a quarter of an inch out of 
truth or plumb, which is a degree of accuracy probably unat- 
tainable in sand shafts by any other method. 

Making ike Joint — The completed excavation carried the shaft 
into the ledge from 4 to 10 feet. It was necessary to make a tight 
connection between the ledge and the lining, and to arrange for 
the support of the timbering from the ledge. This latter was 
accomplished in the usual manner, by running short drifts into 
the ledge at the centre of each side, and putting in extra long and 
heavy cross timbers. The joint was made by trenching in the 
bottom of the shaft for the bottom set of timbers, and carefully 
grouting the space between the timbers and the trench. To this 
bottom course of timbers the next course was fitted and spiked, 
and the space between it and the ledge filled with cement mortar. 
The gap between the lowest set of open-timbers and the bottom 
of the shaft was, in this way, filled in with solid timbering. Dur- 
ing this latter part of the work, the only water coming into the 
shaft, came directly from the ledge through small crevices, but 
under such pressure as to make it squirt up 3 or 4 feet into the air. 
There was not a trace of sand, and not sufficient water to keep a 
No. 6 Cameron pump going, the leak which had caused trouble 
previously, having been completely frozen off. 

When the timbering was completed, steam was turned into the 
shaft to thaw all ice on the timber, so as to permit the joints in 
the lining to be made tight with tarred paper, as before described. 
Finally, water was pumped in up to the level of the water in the 
soil, and the shaft left to thaw out. The purpose of filling the 
shaft with water, was to equalize the pressure on the timbering 
during the thawing which, it was thought, might bring sudden or 
unequal strains on the shaft. 

At the completion of the work, in order to determine the extent 
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of the freezing, a trial-pit was sunk in the outer edge of the wall 
for 20 feet and a steel rod was driven down considerably further. 
The wall had a batir. as before mentioned, but, assuming the mea- 
surement taken at the bottom of the pit to be an average value, 
the quantity of material frozen at that time was bounded by a 
cylindrical surface, 54 feet in diameter and about 100 feet in depth. 
This mass of frozen material took a long time to melt, notwith- 
standing eflforts of the mining company to hasten the result. It 
was not until July 25th, or fifty days after shutting down ice 
machine, that the ice wall gave way sufficiently to permit water to 
come into shaft. The pressure of the sand on the shaft-lining did 
not disturb the alignment at all, and the shaft is now being carried 
down into the rock by the mining company, with ordinary methods. 



STUDY OF A METHOD FOR THE QUANTITATIVE 
DETERMINATION OF SUCROSE, INVERT- 
SUGAR AND DEXTROSE, OR 
LEVULOSE. 

By F. G. WIECHMANN, PH.D. 

Part I. 

The quantitative determination of sucrose, invert-sugar and 
dextrose, or levulose, when these substances occur together, pre- 
sents a problem of considerable interest and importance. 

Winter* suggested a method of separating sucrose from dex- 
trose and levulose, and dextrose from levulose. It consists in add- 
ing ammoniacal acetate of lead,t made immediately before use, to 
the solution of the sugars, until there is no further precipitation. 
The precipitate, which is ordinarily of a dazzling white color, is 
digested with a great amount of water, and then filtered. 

The filtrate contains the sucrose as a lead compound. Decom- 
pose this compound by carbonic acid gas, and filter off the carbo- 
nate of lead. This solution then contains the sucrose. 

* Zeitschrift des Vereines f&r RUbenzucker-industrie^ 1 888, vol. xxxviii., page 782. 
f Add ammonia to acetate of lead as long as the precipitate just continues to dis- 
appear. 



Digitized by VjOOQIC 



DETERMINATION OF SUCROSE, LEVULOSE, ETC. 255 

Wash the residue thoroughly with water, then suspend it in water 
and saturate with carbonic acid gas. This gives a filtrate and a 
residue. The filtrate contains the dextrose. The precipitate con- 
sists of carbonate of lead and of a compound of lead with levulose. 
Wash well with water, then suspend the precipitate in water and 
pass in sulphuretted hydrogen. The precipitated sulphide of lead 
is filtered out, washed thoroughly, and the filtrate, to which the 
washings have been added, is concentrated on a water-bath, and 
the levulose in it determined. 

This method aims at the actual separation of the sucrose, the 
dextrose and the levulose, and thus, of course, permits of the sepa- 
rate determination of each constituent. But even if this method 
were perfectly satisfactory and reliable, which the writer, from his 
experiments, is strongly inclined to question, even then it would 
hardly prove a desirable method for an analytical determination on 
account of the time required for its execution. 

Other attempts to determine levulose and dextrose when in com- 
bination, have been attempted. These are, however, based either t 
entirely or partially on optical analysis. 

As however, fluctuations of temperature affect to a marked de- 
gree polariscopic determination? of inverted-sugar solutions (in- 
vert-sugar, levulose), it seemed to the writer that a method which 
should be entirely independent of optical analysis, and be based • 
wholly on data obtained by gravimetric methods, would be the 
most desirable. 

Tollens, in his Kurzes Handbuch der Kohlenhydrate^ 1888, con- 
tains the following : 

" If levulose is mixed with dextrose, or with any other glycose 
less sensitive to acids, the sum of the glycoses may be determined 
with Fehling's solution. Then the levulose may be destroyed by 
hydrochloric acid, according to Sieben's directions, and, after neu- 
tralizing by sodic hydrate, the remaining dextrose may be deter- 
mined, and the difference calculated as levulose." 

If a reliable process could be based on this suggestion, it would 
prove a simple and rapid method for the estimation of the sugars 
named, when occurring together. 

In the following pages there will be described a course of 
analysis, and the methods of calculation deemed necessary to attain 
the desired result. 

The estimations to be made^ consist of the following : 
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1. Total sucrose. 

2. Total reducing sugars. 

3. Dextrose, after destruction of the levulose by Sieben*s 
method. 

For the tables expressing the relation between the copper pre- 
cipitated and the sucrose, the invert-sugar, the dextrose and levu- 
lose respectively, reference must be made to the memoirs cited. 

The Fehling solution, used in all of the following determina- 
tions, has consisted of: 

Sulphate of copper, crystallized, 34.639 grammes in 500 c.c. of 
water. 

Rochelle salts, crystallized, 173.000 grammes in 400 c.c. of 
water. 

Sodic hydrate, crystallized, 50.000 grammes in 100 c.c. of water. 

I. Determination of Total Sucrose.* 
Weigh out 13.024 grammes of sample. Dissolve with about 75 
c.c. of water in a 100 c.c. flask.f Add 5 c.c. hydrochloric acid con- 
taining 38 per cent. HCl (specific gravity, 1. 1 88). Heat in two or 
three minutes on a water-bath up to between 67° and 70° C. Then ' 
keep at this temperature (as close to 69° C. as possible) for five 
minutes, with constant agitation. Cool quickly and make up to 
100 c.c. Remove 50 c.c. by a pipette, place in a litre flask, and fill 
up to 1000 c.c. Of this solution take 25 c.c. (corresponding to 
0.1628 gramme of sample), neutralize the free acid present by 25 
c.c. of a solution of sodium carbonate, prepared by dissolving 1.7 
grammes of crystallized sodium carbonate in 1000 c.c. of water. 
Then add 50 c.c. of Fehling's solution, heat to boiling as directed 
in determination of total reducing sugars, and boil for three 
minutes. 

II. Total Reducing Sugars.^ 
Weigh out 26.048 grammes. Place into a 100 c.c. flask, clarify 
with basic acetate of lead, make up to 100 c.c, filter and polarize. 
Take an aliquot part of the filtrate, add sodium sulphate to re- 
move any lead present, make up to a definite volume and filter. It 

* German Government Method. See Die Deutsche Zuckerindmtriey 1888. Beson- 
dere Beieage zu No. 27. 

t Do not add any basic acetate of lead for clarifying purposes, as this will introduce 
a source of error, and yield results too low. 

X School of Mines Quarterly, vol. ix., No. i, 1888. 



Digitized by VjOOQIC 



DETERMINATION OF SUCROSE, LEVULOSE, ETC, 257 

is best to arrange the dilution so that the 50 c.c. of this filtrate, 
which are to be used for the determination of the total reducing 
sugar, will precipitate between 200 and 300 mgrs. of copper. 

To 50 c.c. of the sugar solution prepared as above, add 50 c.c. 
Fehling's solution (25 c.c. copper sulphate and 25 c.c. of Rochelle 
salt-soda solution). 

Over the wire gauze above the flame lay a sheet of asbestos, 
provided with a circular opening of about 6.5 cm. diameter ; on 
this place the flask, and arrange the burner in such a manner 
that about four minutes are consumed in heating the solution 
to the boiling-point. From the time that the solution starts to 
boil, — the moment when bubbles arise not only from the centre 
but also from the sides of the vessel, — continue to boil for exactly 
two minutes, with a small flame. Then remove the flask from 
the flame immediately, and add 100 c.c. cold distilled water from 
which the air has previously been removed by boiling.* 

Then filter through an asbestos filter, wash and reduce to metallic 
copper. 

This operation is carried out in the following manner: Clean 
thoroughly a small straight calcium chloride tube, or any other tube 
of similar pattern. Introduce asbestos fibresf so as to fill about half 
of the bulb. Draw air through while drying, cool and weigh. 
Connect with aspirator, filter the precipitated CujO, wash with hot 
water, then, having changed the receiving flask, wash twice with 
absolute alcohol and twice with ether. Having removed the greater 
part of the ether by an air-current, connect the upper part of the 
filter tube by means of a cork and some glass tubing with a 
hydrogen apparatus, and heat with a small flame, whose tip is 
about 5 cm. below the bulb containing the Cu^O. The reduction 
in the current of hydrogen gas is finished in two or three minutes. 

After the asbestos-tube has been cooled in the current of hydro- 
gen, air is drawn through and the tube is then weighed. 

After an analysis is completed, the asbestos is readily freed from 
the adhering copper by washing with dilute nitric acid. 



* The water is added to prevent subsequent precipitation of cuprous oxide. 

f The asbestos must first be prepared by washing successively with a solution of 
caustic soda (not too concentrated), boiling water, nitric acid, and again with boiling 
water. When filled into the glass tube, the asbestos is made to rest on a perforated 
platinum cone. 
VOL. XI. — 17 
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III. Dextrose by Allihn's Method.* 

Take 30 c.c. copper sulphate solution, 30 c.c. Rochelle salt-soda 
solution,! 60 c c. water. Heat to boiling. Then add 25 c.c. of 
the solution to be tested, which must, however, not contain more 
than I per cent, of the active substance, and boil for two minutes. 
Then proceed as before, filtering, reducing the cuprous oxide, etc. 

IV. Levulose by Lehm Ann's Method. J 

Take 25 c.c. copper sulphate solution, 25 c.c. Rochelle salt-soda 
solution,§ 50 c.c. water. Heat to boiling. Then add 25 c.c. levu- 
lose solution, which must not contain more than i per cent, of the 
active substance. Boil for 1 5 minutes, and proceed as previously 
directed. 

Sieben's Method for Destruction of Levulose.|| 

Take 100 c.c. of a solution made to contain 2.5 grammes of the 
dry substance (invert-sugar, or invert-sugar and levulose), place in 
a flask, add 60 c.c. six times normal strength HCl, and heat in a 
boiling water-bath for three hours. Cool immediately, neutralize 
with six times normal strength NaOH solution, make up to 250 
c.c. and filter. Of the filtrate use 25 c.c. to determine dextrose 
according to AUihn. 

The calculation of the results obtained by these methods here 
described, is effected as follows : 

Calculation. 

The calculation consists of two steps. Step i is always the same, 
and merely establishes whether the dextrose and the levulose 
are present in the proportion of I : I, or whether either is in excess. 
Step 2 determines the amount of this excess, be it of dextrose or 
of levulose. 



* E. Wein, TabelUn zur Quantitativen Bestimmung der Zuckerarten^ l888. 

t ^73 grammes Rochelle salts and 125 grammes potassic hydrate are dissolved in 
water and made up to 5CX) c.c. 

X E. Wein, Tabellen zur Quantitativen Bestimmung der Zuckerarten, 1888. 

g Prepared by dissolving 346 grammes Rochelle salts and 250 grammes sodic 
hydrate in water, and making up to i litre. 

II Zeitschrift des VereinesfUr Riibenzucker-industrie, vol. xxxiv., p. 869. 
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The values analytically determined are : 

No. I = Cu reduced by total sucrose + total reducing sugars. 

No. 2 = Cu reduced by total reducing sugars. 

No. 3 = Cu reduced by dextrose (after Sieben's treatment). 

Step I. — No. i is Cu reduced by inverted sucrose -I- total re- 
ducing sugars. No. 2 is Cu reduced by total reducing sugars. 

No. I minus No. 2 is Cu reduced by inverted sucrose. Report 
the corresponding value as sucrose. The difference between No. 
\ and No. 2, divided by 2, represents the Cu reduced by the dex- 
trose of the inverted sucrose. Call this value x. 

No. 3 is Cu reduced by total dextrose (after Sieben's treatment). 
X is Cu reduced by the dextrose of the inverted sucrose. 

No. 3 less ;ris Cu reduced by the dextrose of the total reduc- 
ing sugars. Call this value 7. 

J X 2 = 27. Cu reduced by invert-sugar + free dextrose, if 
any be present. Compare this value. 2y, with No. 2. 

If 2j'=No. 2 invert-sugar only is present. If so, report as 
invert-sugar. 

If 2j>No. 2 free dextrose is present. 

If 2y < No. 2 free levulose is present. 

Step II. — When 2j/>No. 2. Free dextrose is present. 

No. 2 is Cu reduced by total reducing sugars. y = Cu re- 
duced by the dextrose from the total reducing sugars. 

No. 2 minus y = Cu reduced by the levulose of the total 
reducing sugars. Call this value /. 

/ X 2 = 2/ = Cu reduced by invert sugar. Report as invert 
sugar. 

No. 2 is Cu reduced by total reducing sugars. 2p = Cu re- 
duced by invert- sugar. 

No. 2 minus 2p = Cu reduced by free dextrose. 

Step II. When 2j<No. 2. Free levulose is present. 

No. 2 is Cu reduced by the total reducing sugars. 2y = Cu re- 
duced by invert sugar. Report as invert-sugar. 

No. 2 minus 2y = Cu reduced by the free levulose. 

In these calculations no attention has been paid to the fact that 
the reducing-power of invert-sugar, dextrose and levulose is not 
identical. The reducing-power of dextrose being considered as 
100, that of invert-sugar is 96, and that of levulose is 94.* 

♦ Soxhlet, you ma/ /iir Pracktische Ckemie^ vol. xxi., pp. 28g and 290. 
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For very accurate work the necessary corrections for these 
variations must be made. 

In order to test the applicability of the method here described 
for determining invert-sugar, dextrose and levulose, the following 
experiments were carried out: 

Four series of experiments were made, embracing, respectively, 
mixtures of: 

I. Invert-sugar and dextrose. 
II. Invert-sugar and levulose. 

III. Sucrose, invert sugar and dextrose. 

IV. Sucrose, invert-sugar and levulose. 

Of course, from the very nature of the test, the sucrose be- 
comes inverted, and so really Series III. and IV., as well as I. and 
II., are only mixtures of invert-sugar and dextrose, or of invert- 
sugar and levulose ; but the proportions between the invert-sugar 
and the dextrose, or the levulose, respectively in Series III. and 
IV., have been so arranged as to approximately correspond to the 
composition of certain raw sugars. 

The dextrose^ used in the following experiments, was anhydrous 
crystallized dextrose, prepared under the Behr patent. 

The levulose was prepared under the writer's directions in the 
following manner: 

Inulin, i8 grammes. 

Sulphuric acid (sp. gr. 1.840), 36 c.c. 

Water, 516 " 

This solution was set aside for nine days, then just neutralized 
with barium hydrate, filtered, and the filtrate evaporated to a solu- 
tion having a density of 1.0043. 

The levulose solution was examined by the polariscope, and 
tested with Fehling's solution, and was found by both tests to 
possess the properties of chemically-pure levulose. 

The invert-sugar solution was prepared by dissolving 13.024 
grammes of chemically-pure sugar (sucrose) in about 75 c.c. ^yater, 
adding 5 c.c. hydrochloric acid, and heating in a water-bath up to 
between 67° C. and 70° C. When the contents of the flask had 
attained this temperature, they were kept at this point for five 
minutes more with frequent agitation. Then the contents of the 
flask, after having been cooled down to 17.5° C, were made up to 
100 c.c. with distilled water. 
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Fifty c.c. of this solution were removed, placed in a litre flask and 
made up to 1000 c.c. 

Twenty-five c.c. of this solution correspond to 0.1628 gramme 
dry substance. 

This amount, or whatever amount be taken for the analytical 
determination, must, before mixing with the copper solution, be 
neutralized by a solution of sodium carbonate, which is prepared 
by dissolving 1.7 grammes of the anhydrous salt in i litre of water. 

A preliminary test made of the Sieben process on pure invert- 
sugar was the following : 

Placed 25.0 grammes granulated sugar in i litre of water. Of 
this solution took 50 c.c, added 5 c.c. concentrated hydrochloric 
acid and made up to 100 cc. Heated for five minutes between 
67° and 69° C, cooled, neutralized with sodium carbonate, and 
made up to 500 c*c. Of this solution 5 cc. =0.125 grammes dry 
substance, were used for the determination. 

This gave before Sieben's treatmeot, .... 0.243 oopf>er. 
Copper that should have been found after Sieben's treat- 
ment, 0.1215 

topper found, 0.1200 

Experiment I. 

Determinations made: 

1. Invert-sugar separately. 

2. Anhydrous dextrose separately. 

3. Mixture of invert-sugar and dextrose in known proportions. 

4. Mixture of invert-sugar and dextrose, after Sieben's treat- 
ment. 

1. Took 13.024 grammes chemically-pure sugar, dissolved in 
100 c.c flask, inverted with 5 cc HCl (German Government 
Method). Fifty cc of the inverted solution were made up to 
1000 c.c. Twenty-five z.c. of this solution equal 0.1628 grammes 
dry substance. This was neutralized with Na, Co,, and the invert- 
sugar determined by the copper-test. 

Result, 0.3 1 1 gramme Cu. 

2. 12.5 grammes anhydrous dextrose were dissolved up to 500 
c.c water. Ten cc. of this solution, corresponding to 0.25 gramme 
dry substance, were used for the copper deternvnation. 
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This determination was made three times. 

Results: Determination No. i, =0.473 Cu. 

"2 =0473 *• 

" 3» =0.475 ** 

3. Two hundred c.c. of solution No. i (= 1.3024 grammes dry 
substance) were mixed with 80 c.c. of solution No. 2 {= 2.000 
grammes dry substance). Of this mixture, 35 c c. were taken for 
the copper determination. These 35 c.c. represent, of solution No. 

1, 25 c.c. (=0.1628 gramme dry substance), and, of solution No. 

2, 10 c.c. (= 0.2500 gramme dry substance). 

Hence, if this mixture of invert-sugar and dextrose should re- 
duce copper in the same proportion as these sugars do separately, 
the amount of Cu reduced here, should be equal to the sum of the 
copper reduced by determination No. I + determination No. 2 
given above, and equal to 0.784 gramme Cu. This determination 
was also made tliree times. By two minutes' boiling, there were 
found : 

Results: Determination No. i, . . • « = 0.764 gramme Cu. 
** " 2, . . . . =0.769 " •* 

" " 3, . . . . =0.772 " « 

Repeating this experiment once more, but boiling for three 
minutes, there were found 0.775 gramme Cu. 

4. Took, of solution No. 3, 212 c.c. (= 2.5 grammes dry sub- 
stance.) Heated for three hours with 60 c.c. six times normal 
strength HCl, cooled, neutralized with six times normal strength 
sodium hydrate, made up to 500 cc, and used 50 c.c. of this 
soluton (= 0.25 gramme dry substance) for the copp>er determin- 
ation. 

These 50 c.c. consisted of: 

Invert-sugar 0.09861 grammes. 

Dextrose, 0.15143 " 

0.09861 invert-sugar reduces 0.188 Cu. 

0.1 5 143 dextrose reduces 0.286 ** 

One-half of the invert-sugar is dextrose, hence we should expect 

a yield of: 

o. 188 -f. 2 = 0.094 Cu. 
0.286 " 

0.380 " 
and there were found : 

Cu = 0.3826 grammes. 
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Experiment II. 

Determinations made : 

1. Invert-sugar. 

2. Levulose separatejy. . . 

3. Mixture of invert-sugar and levulose in known proportions. 

4. Mixture of invert-sugar and levulose as in No. 3, after 
Sieben's treatment. 

1. Proceeded exactly as in No. i (Experiment I.) and found 
as there : Result = 0.31 1 Cu. 

2. 10 CO. of a levulose solution equal to 0.180 grammes dry 
substance reduced 0.275 grammes Cu. 

3. Used 250 c.c. of Solution i. = 1.628 grammes dry substance 
and 100 c.c. of Solution No. 2=1.8 grammes dry substance 
(of which 93.3 per cent, are levulose), or levulose = 1.6794 
grammes. 

Of this mixture took 35 c.c. ; these contained: 0.1628 grammes 
invert-sugar (which is the dry substance of Solution No. i), and 
0.1679 grammes levulose (which is the dry substance of Solution 
No. 2). 

These together should reduce copper : . . . 0.586 



The 0.1628 invert-sugar = 0.31 1 Cu. 
The 0.1679 levulose = 0.275 Cu. 



0.586 
There were found: 0.5868 grammes Cu. 

Experiment III. 

Determinations made : 

1. Mixture of sucrose, invert-sugar and dextrose. 

2. Mixture of invert-sugar and dextrose. 

3. Total dextrose in No i, after Sieben's treatment. 
Test No. I. 

Cu reduced. 
Used : Sucrose 0.26048 grammes, . . . 0.4975 grammes. 
" Invert-sugar 0.013024 grammes, . . 0.0249 grammes. 
*♦ Dextrose* 0.0052096 grammes, . . 0.0095 grammes. 



* Anhydrous crystalline dextrose. 
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Solution No. i. — Copper reduced by : 

Inverted sucrose, . . , . ... 0-4975 

Invert-sugar, ... . . ... 0.0249 

Dextrose, • • . . . • • • 0.0095 

0.5319 Cu. 

Solution No, 2. — Copper reduced by : 

Invert-sugar, , . 0.0249 

Dextrose, 0.0095 

0.0344 Cu. 

Solution No. 3. — Copper reduced by dextrose, after . 
Sieben's treatment, 0.269 Cu^ 

Calculation. 

No. I, . . . .• . . . 0.5319 
Less No. 2, . . . ... 0.0344 

0.4975 -4-2 = 0.2487. 

No. 3, . ...... 0.2690 

Less, 0.2487 

0.0203 X 2 = 0.0406. 

This value 0.0406 is greater than No. 2, hence there is free 
dextrose present. 

No. 2, 0.0344 

Less, 0.0203 



O.OI4I X 2 — 0.0282. 



No. 2, 0.0344 

Less, ..... 0.0282 



0.0062 Cu due to free dextrose. 

Cu due to free dextrose placed in the solution =- 0.0095 
Cu due to free dextrose, found = 0.0062 

Difference = 0.0033. 

The difference is equal to only 3.3 milligrammes, but as such 
small quantities were worked with, the percentage of error is too 
great. This experiment was, therefore, repeated, but greater 
amounts of substance were used. 
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Test No. 2. 

Cu Reduced. 

Used : Sucrose 0.26048, .......= 0.4975 

** Invert-sugar 0.026048, =0.04975 

•* Dextrose 0.013024, ......= 0.0246 

Solution No. i. — Cu reduced by: 

Inverted sucrose, ©4975 

Invert-sugar, , 0.04975 

Dextrose, 0.0246 

0.57185 Cu. 
Solution No, 2. — Cu reduced by : 

Invert-sugar, • • 0.04975 

Dextrose, ••••••••«« 0.0246 

0.07435 Cu. 

Solution No. 3. — Cu reduced by dextrose after Sieben's 
treatment, 0.2968 Cu. 

Calculation. 
No. I, .::..., 4 0.57185 
Less No. 2, 4 0.07435 

0.49750 ^ 2 — 0.2487 

No. 3 0.2968 

Less, 0.2487 

0.0481 X 2 -^ 0.0962 

This value, 0.0962, is greater than No. 2, hence free dextrose is 
present. 

No. 2, ....... , 0.07435 

Less, ... ...... 0.04810 

0.02625 X 2 ^-: 0.05250 

No. 2 4 . 0.07435 

Less, 0.05250 

0.02185 Cu due to free dextrose. 

Cu due to free dextrose placed in the solution .4 • ^^ 0.02460 
Cu due to free dextrose ^»»^ — 0.02185 

Difference, ^0.00275 
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The difference is equal to 2.75 milligrammes ; whereas in the 
first test only 65.3 per cent, of the added dextrose was found, 
in this test 88.8 per cent, were recovered. As the differences 
encountered have never exceeded 3.5 milligrammes of copper, and 
have generally fallen below that figure, it is probable, that work- 
ing with larger amounts will decrease materially the percentage of 
loss. 

Experiment IV. 

Determinations made : 

1. Mixture of sucrose, invert-sugar and levulose in known pro- 
portions. 

2. Mixture of invert-sugar and levulose. 

3. Total dextrose in No. i, after Sieben's treatment. 

' I. Used: Sucrose, . . . < 0.1628 

*' Invert-sugar, 0.01628 

«* Levulose, 0.0107415 

0.1 8982 1 5 

This should have reduced copper. 

Inverted sucrose, 0.31 10 

Invert-sugar, 0.03 1 1 

Levulose 0,0088 

0-3509 Cu. 

There were found in Test i, 0.3572 Cu; in Test 2, 0.3550 Cu. 
Calculating over to 0.25 gramme dry substance there should have 
been reduced . . . . 0.4625 copper. 

There were found on 0.25 gramme dry substance: 

Test I, 0.4704 Cu. 

Test 2, 0.4675 Cu. 

2. Used: Invert-sugar, ....... 0.01628 

" Levulose, 0.0107415 

0.0270215 

This should have reduced copper : 

Invert-sugar " . . . * . . . 0.031 1 

Levulose, 0.0088 

0.0399 Cu. 

There "^^x^ found Cu = 0.040. 

3. Used: Same as Solution No. i. This should have reduced 
copper, 0.2388 (based on 0.25 grammes dry substance). 
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There were found by proceeding as directed by Sieben, :>., by 
using 60 c.c. HCl of six times normal strength, and boiling for 
three hours 0.2934 Cu. 

This proved that all the levulose was not destroyed, and indi- 
cated that either more acid must be used or that the solution 
would have to be boiled for a longer time. Both devices were tried 
and both gave very satisfactory results. 

Test I. — Used 120 c.c HCl (6 X normal strength). Time of boil- 
ing, three hours. Copper reduced, 0.233. 

Test 2, — Used 60 c.c. HCl (6 X normal strength). Time of boil- 
ing, six hours. Copper reduced, 0.235. 

To briefly resume, the foregoing data are here once more given 
in tabular form : 

Exp, I. — Invert-sugar, . . » . . . 0.09861 
Dextrose, 0.15143 

Ratio of invert-sugar to dextrose, as 100 : 154. 

Copper that should have been reduced, . . • . 0.3800 

Copper found, 0.3826 

Exp, 2. — Invert-sugar, 0.1628 

Levulose, 0.1679 

Ratio of invert-sugar to levulose, as 100 : 103. 

Copper that should have been reduced, .... 0.5860 

Copper found, 0.5868 

Exp, 3. — Invert sugar, 0.273504 

Dextrose, . 0.0052096 

Ratio of invert-sugar to dextrose, as 100 : 2. 

Copper that should have been reduced, .... 0.0095 

Copper found, 0.0062 

Exp, 3rt. — Invert-sugar • . . 0.286528 

Dextrose, 0.013024 

Ratio of invert-sugar to dextrose, as 100 : 4.5, 

Copper that should have been reduced, 0.02460 

Copper found, 0.02185 

Exp, 4, — Invert-sugar, . ...... 0.17908 

Levulose, 0.0107415 

Ratio of invert-sugar to levulose, as 100 : 6. 

Copper that should have been reduced, .... 0.2388 
Copper found after three hours* boiling, .... 0.2934 
Copper found after six hours* boiling, .... 0.235 

Copper found after three hours' boiling, with double amount 

of acid, , 0.233 
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As shown by these data the proportipn between the invert-sugar 
and the dextrose, or levulose, respectively, was made to vary be- 
tween wide limits. 

The work thus far given shows that this method devised for the 
determination of sucrose, invert-sugar and dextrose or levulose, 
respectively, is perfectly feasible and practicable. 

It, however, also discloses the fact that the directions given by 
Sieben for the destruction of the levulose — the process upon which 
this method of analysis depends wholly for its accuracy — do not 
meet all the possibilities. A careful investigation will therefore 
have to be made of the various conditions affecting the destruction 
of the levulose, before judgment can be passed on the value of the 
method here under consideration. 

Experiments to this end are now in progress, and the results 
obtained will be given in Part II. of this paper. 

For valuable aid received in the execution of the analytical work 
here recorded, the writer wishes to express his obligations to his 
assistants, Messrs. Ziebolz and Brainerd. 



ELECTRICAL ENGINEERING AT COLUMBIA 
COLLEGE. 

By F. B. CROCKER. 

The new buildings which were erected for the accommodation of 
the electrical school have now been fitted up specially for the pur- 
pose and contain a number of interesting features. 

The facilities for obtaining electric current of different kinds and 
in large quantities are particularly satisfactory. Continuous current 
to the amount of lOO amperes under pressure of either i lO or 220 
volts may be had at numerous points in all the rooms from a 
specially installed circuit of the three-wire system connected with 
the Edison 39th street station. Available at adjacent points and 
parallel to this circuit is another special circuit of equal capacity on 
the two-wire system coming from the Edison dynamos of 400 lights 
total capacity in the cellar. A third special circuit, also of 100 
amperes capacity, has been put in to connect dynamos, motors, etc., 
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in the electrical workshop down stairs with measuring instruments 
in the upper laboratory which is devoted to delicate work. A 
storage battery circuit available at convenient points in the various 
rooms is to supply current under an E. M. F. of a few volts for 
testing purposes, galvanometer work, electrolysis and the many 
other duties which are generally performed in the laboratory by a 
number of separate primary batteries with their attendant incon- 
veniences. The buildings are lighted entirely by electricity from 
the regular circuits. Gas for heating and other purposes may be 
had wherever needed from pipes fitted around the walls of each 
room just below the ceiling. 

The connection with the Edison central station is of great con- 
venience as current can be obtained and experiments carried on 
continuously without regard to the usual noon and evening stop- 
ping of machinery which is such a scource of annoyance in this 
work. In one particular case a current was used with absolutely 
no interruption night and day for almost a week. The connection 
with the Manhattan Company's alternating circuit has lately been 
cut off by the city authorities, but alternating current and arc light 
dynamos are soon to be put in in order to avoid this unpleasant con- 
tingency. To avoid as much as possible any jarring, the tables for 
the support of instruments have no connection with the floor, but 
are fastened directly to the brick walls. 

The course of instruction may be divided into branches, the 
practical and the theoretical. As so much of the progress that 
has been made in electrical science has been due to theoretical con- 
siderations', and as everything points to the fact that the electrical 
engineer of the future must be a theoretical as well as a practical 
man, the study of mathematical physics and the theory of electricity 
has been introduced as a necessary part. 

The first session of the first year in the practical course is given 
up to the study of the fundamental principles of electricity, which 
deserve more attention than they generally receive. In the theo- 
retical branches of the subject are studied the theory of electric po- 
tential, electro-static distribution and induction, theory of the con- 
denser, di-electric polarization, etc. The theory of electrical mea- 
surements starts with the principles of the conservation of energy. 
Joule's law, etc., and then passes to the construction, performance 
and use of electrical measuring apparatus of all descriptions. 
Transmission-dynamometers and the methods of mechanical mea- 
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surement are also treated. Co-ordinate with this theoretical in- 
struction, the entire afternoon of each day is spent in practical 
laboratory work in electric measuring and testing. 

In the second session the work is more advanced. On the 
practical side, the construction and operation of dynamos and 
motors are studied carefully and minutely ; also, arc and incan- 
descent lamps, telegraphs, telephones, primary and secondary bat- 
teries, etc. In the mathematical theory, the students take up the 
study of the laws governing constant electric flow in linear con- 
ductors, theory of thermo-electricity, magnetism, electro-magnetic 
Induction, Maxwell's dynamical theory of the electro-magnetic 
field, etc. The instruction in the theory of the dynamo and mo- 
tor includes the characteristic and current curves of the different 
types of machines, construction and use of diagrams in practical 
work, determination of the different efficiencies, the theory of con- 
stant potential and constant current machines, etc. The labora- 
tory work carefully follows up this instruction, and consists in the 
testing of dynamos, motors, batteries, etc., and also gives the stu- 
dents practice in the actual construction of simple electrical appa- 
ratus. Frequent visits are made to electrical factories, plants and 
stations. 

The practical lectures of the second year are devoted to the 
management of dynamos, motors, engines, etc., electric lighting 
plants and stations, electric power, the construction and use of 
submarine, quadruplex and other telegraphs, the extraction, depo- 
sition and purification of metals by electricity, and the theory of 
primary and secondary batteries. The mathematical course com- 
prises the theory of varying currents and alternating current in- 
duction. The theory of the dynamo and motor covers the study 
of the alternating current dynamo and its characteristic, periodic 
currents, measurement of mutual and self induction, methods of 
measurement of alternating currents, transformers, etc. In the 
laboratory and workshop, practice is given in taking apart, putting 
together and repairing of dynamos, motors, measuring instru- 
ments, and in the construction of electrical apparatus, such as 
winding-armatures, etc. 

Conferences are held one evening each week, throughout the 
course, to discuss current electrical literature. 

The students have just finished the construction, for experi- 
mental purposes in the laboratory, of a battery of 1 280 cells, 
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which, when set up with Daniell elements, gives an E. M. F. of 
about 1400 volts, and when set up as a storage battery, an E. M. 
F. of about 28CX) volts. Some interesting results have been ob- 
tained from the experiments performed with this battery. 

There has just been erected in the mechanical engineering 
department a hydraulic testing-machine of 150,000 pounds ca- 
pacity, and it is now to be used by the electrical engineering stu- 
dents for a series of tests which, it is expected, may be of consid- 
erable theoretical and practical interest in electrical science. 
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" Damarium/' a New Gaseous Element. 

In the Chemiker Zeitungy vol. xiv., No. 27, dated April 2, 1890, there 
is published an account of a discovery which, if true, will prove of the 
utmost interest and importance to chemistry. The discovery is claimed 
to have been made in South Africa by two Germans, a mining engineer, 
K. Lauer, of Holstein, and a Dr. P. Antsch, of Nieder-Kirchen. The 
former discovered the gas, secured the sample and transmitted it to Dr. 
Antsch for analysis. 

The locality where the alleged discovery was made, is placed near the 
fiortheastern boundary of Mount- Damara-land ; there a plateau, at the ut- 
most two square kilometres in extent, was found to contain a group of 
seventeen funnel-shaped openings in weathered diabase. These almost 
circular openings have an upper diameter of .2 to .8 metres, and a depth 
of about 2 metres, and from these the gases issued. Not a trace of vegeta- 
tion was noticeable in the immediate neighborhood, but there were found 
numerous corpses of small, and some corpses of larger animals. The pecu- 
liarity about these bodies was, that the original color had in all cases 
changed to a greenish-white or a greenish-brown, shading into violet. 
The blue indigo-colored blouses worn by some of the men of the expedi- 
tion faded considerably in a very short space of time while near these 
fumaroles. A peculiar musty odor was very perceptible. The sensations 
experienced by Lauer on inhaling the gas a few times, are described as 
an unmistakable feeling of dryness in the throat and a peculiar sensation 
in the head. On collecting the gas, of which about 3 litres were secured, 
its inflammability was noticed, a lighted match accidentally igniting the 
mixture. 

Concerning the analytical data reported, the following will prove of 
interest, as this discovery must, if substantiated, work a great change in 
our present system of theoretical chemistry. 

Ten cubic centimetres of the gas were allowed to rise in a gradu- 
ated tube filled with water. Evolution of gas was noticed at once at the 
border of the water-meniscus. The gas volume was considerably in- 
creased. At the same time there were formed on the surface of the 
water, drops of a colorless and very mobile liquid which possessed the 
property of refracting light strongly. This liquid was odorless, reacted 
neutral and did not seem very volatile. Brought together with a granule 
of zinc, a few drops thereof evolved a colorless gas of faint musk-like 
odor, which burned with a pale green flame, and formed with oxygen a 
violently explosive mixture. 

The gas which was formed by allowing the gaseous mixture examined 
to rise in water, proved to be pure hydrogen. The fluid formed by the 
decomposition of the water could therefore be nothing but the oxide of 
a gaseous body (element?) hitherto unknown. 

About 3 c.c. of the fluid oxide were submitted to electrolysis in a small 
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apparatus constructed especially for this purpose. The gas developed 
at the positive pole proved to be pure oxygen, and amounted to exactly 
one-fourth of the gas evolved at the negative pole. It has the specific 
gravity of 0.5, hydrogen being takea as i. It is therefore one-half as 
heavy as hydrogen and the oxide of this new substance for which the name 
** Damarium " is proposed, would be D^O. Damarium, therefore, is 
*' semi valent," or more correctly, it is the tn^iy monovalent element o^ 
the sntallest atomic weight which henceforth would prove the basis of our 
system of atomic weights. Hydrogen and chlorine would become biva- 
lent, oxygen and sulphur tetravalent, etc. 

Damarium proves to be the most powerful reducing agent known. 
In addition to the decomposition of water already cited, the following 
experiments bear this statement out fully. D. at once precipitates plati- 
num, gold, silver, lead and copper from their salts. 

Sulphur is immediately precipitated from aqueous solutions of SOj ; 
by tfansmission through dilute sulphuric acid, sulphuretted hydrogen is 
evolved after a short time. 

Ferric salts are almost instantaneously reduced to ferrous salts. Calo- 
mel is formed from a solution of corrosive sublimate. Indigotin solution 
is instantaneously decolorized, nitrobenzol is changed into aniline. 
Damarium therefore exceeds hydrazin to a considerable degree in its 
reducing properties. 

From all that has been said thus far it will appear that there could be 
no easily decomposable oxygen compound in the gaseous mixture col- 
lected from the fumaroles. The proper tests are said to have shown that 
it contained a considerable amount of carbon monoxfde gas ; the pres- 
ence of nitrogen, of hydrogen and possibly of some hydrocarbons is sus- 
pected. 

As already said, this discovery, if it shall turn out to be bona fide, 
will be of the utmost importance. Before, however, accepting the ex- 
istence of this new element, we shall have to await confirmation from 
other sources. F. G. W. 

Analytical Chemistry, by E. Waller. 

Permanganate Solutions. Oddy & Cohen (y. S C /, ix., 17). 
A loss in strength of 2 to 3 per cent, in the course of four months was 
observed in the solution under examination. One portion of the solution 
was kept in the light, another portion in the dark. The former showed 
the most change. The alteration seemed to be regular. Re-stand- 
ardization every fortnight is recommended. 

Aluminum in Iron and Steel Stead (y. S, C /., viii., 966) gives a 
method in which after dissolving and separating silica as usual, the 
alumina is first separated along with a little iron, by boiling the neu- 
tralized solution with alkaline hypo-sulphite and phosphate, the .precipi- 
tate redissolved, evaporated • and fused with sodium hydrate, and in the 
solution therefrom the alumina is precipitated as phosphate [AI^CPO^X] 
by again boiling with hyposulphite and phosphate, a little ammonium 
acetate being added before the boiling is concluded. 

Saturated solutions of hyposulphite and phosphate are used. The 
sodium hydrate should be free from alumina and silica; that made from 
sodium is to be preferred. 

VOL. XI.— 18 
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The more complete details are as follows : Dissolve 1 1 grammes of the 
sample in 44 c.c. strong HCl (or 22 grammes in 88 c.c.) evaporate for 
silica, redissolve and filter, brmging the filtrate and washings to about 
200 c.c. Add 3 c.c. of the phosphate solution, then ammonia to a slight 
permanent precipitate, which is just brought into solution by HCl, and 
heat. When boiling begins, add 50 c.c. hyposulphite, and boil until all 
SOj is removed (about an hour). Filter and wash thoroughly. 

Dissolve through the filter with 5 c.c. HCl and 5 c.c. boiling water, 
leaving the S on the paper, and wash, running filtrate and washings into 
a platinum dish. Evaporate to dryness, add 2 grammes solid sodium 
hydrate, and enough hot water to dissolve it, evaporate and heat to fu- 
sion. Cool, then add waier and boil five minutes. Bring the bulk to 
100 c.c. (when cold) and filter through a dry filter. The first portions 
will be turbid, and require refiltering. Finally obtain 100 c.c. of the 
clear solution, render just acid with HCl, add 3 c.c. sodium phosphate 
and large excess of hyposulphite as before, and boil out SO,. Then add 
2 c.c. ammonium acetate, boil two minutes and filter, wash out all chlo- 
rides, dry, ignite and weigh. The precipitate contains 22.36 per cent, 
of alumina. 

Iron and Alumina in Phosphates. Glaser {Zeits,f, Angew Chem, No. 
22, p. 636, 1889) proposes for fertilizers dissolving 5 grammes in 25 c c. 
nitric acid (gr. 1.2) and 12.5 c.c. HCl (gr. 1.12) diluting to 500 c.c, 
mixing 100 c.c. of the clear liquid with 25 ex. strong sulphuric acid 
(gr. 1.84). Alter standing a short time, adding 95 per cent, alcohol so 
as to bring the bulk up to 250 c.c. when cold. After vigorous shak- 
ing and standing for half an hour, to allow the sulphates to settle, 100 
c.c. (=0.4 gramme of the sample) of the clear solution are taken, the 
alcohol driven out by heat, and the residue, consisting of iron and alu- 
mina phosphates, ignited and weighed. 

Separating Zinc and Nickel. Alt and Schultze (^Ber. xxii., 3259). In 
presence of excess of succinic acid H,S precipitates only pure ZnS. 
The separation takes place whether the solution is cold or hot, and an 
excess of H2S does no harm. The presence of notable amounts of alka- 
line salts induces the precipitation of NiS. The best mode of managing 
the separation is to precipitate both metals from their solution with 
Na,CO,, dissolve in succinic acid, and pass H,S. 

Phosphorus in Iron and Steel Norris (yi Frank Inst,^ Jan. 1890). 
Five grammes of the metal are treated with 90 to 120 c.c. nitric 
acid (gr. 1.135). After action ceases and boiling begins 20 c c. of 
KjMn^Og solution are added. On boiling some MnO, should precipitate, 
which is then redissolved by addition of a small crystal of tartaric acid 
and boiling. . Ten c.c. of HNO3 (gr. 1.40) are then added. The solu- 
tion should be then less than 100 c.c, and if it contains suspended par- 
ticles of graphite should be made up to that bulk and after subsidence 
and filtration 80 c.c taken 80 c.c. of molybdate solution added and fur- 
ther treated as in Emmerton*s method (volumetric). If the proportion 
of phosphorus is large it may be advisable to work with a smaller amount 
of the iron, possibly as little as 1.25 gramme. The method is essenti- 
ally that of Drown (Quarterly xi., 74). 
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Sulphur in Iron and StecL Wiborg's method ; Cohen {J. S. C. /., 
ix., 16). . A wide necked flask of 250 to 300 c.c. capacity is fitted with 
a two-hole cork. Through one hole passes a globe-funnel tube with 
stop-cock, through the other the stem of a glass cylinder funnel such as 
is used with the Gooch crucible. The end of the funnel is covered with 
a piece of muslin which has been soaked in a five per cent, solution of 
cadmium acetate. The muslin may be held in its place by rubber 
bandr. 

The flask is half filled with water, which is then boiled to expel the 
air. Then o.i to 0.8 gramme of the iron is introduced, the water again 
boiled for a few minutes, after which sulphuric acid (1:5) is slowly run 
in through the stop-cock funnel tube, the heating being continued. 
The boiling is continued for five to ten minutes after all the iron has dis- 
solved. The per cent, of sulphur is determined by comparing the depth 
of tint (CdS) on the muslin with a series of standards obtained by the 
same treatment of irons containing a known amount of S. Six shades 
are usually sufficient. 

Sulphur in Iron, Archbutt {J, S, C. /, ix , 25). By precipitation in 
a solution only warm (not boiling) or even cold, in the presence of a 
fair excess of hydrochloric acid and washing with cold water, BaSO^ 
free from iron is obtained, though the ash of the paper may show a pink 
tinge from the presence of iron. The method is as follows : 

Heat together 40 c.c. HCl (gr. i.io) and 20 c.c. HNO, (gr. i 42), 
add to this 5 grammes of the iron to be analyzed; when the first 
violent action is over add a few crystals of KCIO3 and evaporate to 
dryness, heating after that for thirty minutes ; add 20 c.c. HCl and 
again evaporate to complete dryness. Dissolve in 40 c.c. HCl by the 
aid of heat and evaporate to a pellicle. Then add 5 c.c. HCl and di- 
lute with hot water until the solution is doubled in volume. Filter at 
once, rinse the most of the precipitated SiO.^ on to the filter with hot 
water, wash about twice with cold water. If the SiO, is to be deter- 
mined the remainder of the washings should be received in a separate 
beaker. The filtrate and first washings, which should be less than 70 
c.c. in bulk, then' receives the addition of 5 c.c. BaCl, solution. It 
should be warmed for about two hours or allowed to stand over night, 
filtered, washed with cold water, etc. From the weight is deducted the 
weight obtained in a blank test carried through at the same time with 
the same reagents, etc. 

Pyrites Analysis. Jannasch {J. Prakt Chem. [2], xl., 233). The 
pulverized mineral is heated in a boat inside of a combustion tube, a 
current of air loaded with vapor of nitric acid being at the same time 
p>assed through the tube. The products of combustion are passed 
through bromine water and finally through distilled water. The heat 
should be applied gradually. In the course of about forty-five minutes 
the nitric acid flask may be removed and the boat allowed to cool in a 
current of air. The receivers are rinsed out, the solutions evaporated 
and the sulphate precipitated as usual. The contents of the boat may 
be dissolved in HCl for the estimation of the iron and other constituents. 
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Organic Nitrogen by Different Methods, Oddy and Cohen (y. S, 6. 
/., ix. 17). With colorless isinglass the results were: 

Per cent. 
By Dumas's n>ethod, (CuO combustion,) . . . 15.2 

By Wauklyn's albuminoid ammonia method, . , 10.5 

By Kjeldahl's with pure redistilled acid, . . . 135. 

By Kjeldahrs with commercial acid, . . 14.12 to 15.8. 

Nitrates in Waters, Colorimetric. Johnson {Chem. News^ Ixi., 15) 
describes his mode of applying the phenol-sulphuric acid test. The 
standard solution is made by dissolving 0.7215 grammes of KNO, crystals 
in I litre, and then diluting 100 c.c. of this solution to a litre. 10 c.c. 
= I part N in nitrates per 100,000. The phenol-sulphuric reagent should 
contain HCl to give it delicacy. To prepare it, 80 c.c. of pure crys- 
tallized phenol (liquefied by heat) are added to 200 c.c. cone. H,SO^, 
and the mixture digested over a water-bath for eight hours. After cool- 
ing, 420 c.c. of water and 140 c.c. HCl are added, and the reagent is 
ready for use. To apply the test, he evaporates in two beakers side by 
side, 10 c.c. each of the water and the standard solution. After com- 
plete drying of the residues over the bath i c.c. of the reagent is added 
to each, and the beakers are placed on the top of the water-oven for 
fifteen minutes. Then water is added, and 20 c.c. of ammonia (0.96 
gramme) ; finally the solutions are transferred to two Nessler tubes, and 
both diluted to 100 c.c. From the tube containing the more deeply 
tinted solution the liquid is removed until, when looking down upon the 
tubes, the colors appear to be the same. Water is then added to restore 
the bulk of 100 c.c, and the final comparison made. The amount of 
dilution required gives a basis for the calculation of the result. Where 
nitrates are low, it may be necessary to use 20 or 50 c.c; if high, it 
may be advisable to dilute 10 c.c to 100 c.c, and make the test on 10 
c.c of the dilution. 

Mineralogy, by A. J. Moses. 

*' AVALITE.'* 

Named by Prof. S. M. Losanitsch, of Belgrade after Mount ** Avala.*' 
Found throughout the entire ore-bearing zone of the Avala quicksilver 
mines (country rock is serpentine). Losanitsch's analyses show: 

I. II. III. 

Silicic acid, 56.13 55-59 61.52 

Chromic oxide, '4.59 JO'39 9-82 

Alumina, 14.37 16.60 14.14 

I'otash, 3.54 3.69 2.51 

Iron oxide, 1. 10 2.55 1.28 

Magnesia, 0.43 1.74 1.20 

Chromite, 1.68 1.80 3.43 

Hygroscopic Water, .... 2.39 1.39 0.73 

Loss in heating, 5.38 5.42 4.48 

Totals, 99-6i 99-17 99^ ^ 

— Berichte der Deutschen Chem, Gesellschaft Jahrg., xxvii., Heft,^ 15, p. 
1774. 
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Barite, BARYTOCELESTiTE/r^w Werfcti, 

The flesh-red mineral which accompanies wagnerite and has been 
valued as a very uncommon crystalline form of barite has the composi- 
tion : BaSO^ 84.80 per cent, and SrSO^ 15.05 per cent. — Zeit,f. Kryst., 
i7> 304. 

Barysilite, Sjogren and Lundstrom {Pd,Mn\ Si\0^ Hexagonal. 

Basal cleavage, easy; prismatic and pyramidal less easy; color, 
white, tarnishing; lustre, pearly on base; H., 3, G., 6. 11 to 6.55. 
Melts easily to transparent or brownish glass, decrepitates slightly, reacts 
for Pb,Mn,Si02. Yields water in closed tube. Decomposed by acids with 
gelatinization. Occurs at Harstig mine, Paisberg, Sweden, filling crevices 
in iron -ore. — ZeiL fur KryiLy 17, 428. 

Bertrandite. 

A. Lacroix reports the identification of this species upon old speci- 
mens from Villeder, Morbihan and the recent discovery of the species 
at Orvault, Loire. — Bull, Soc. Fran, Min,, December, 1889, 

Brandtite, a, E, Nordenskiold Ca^Mn(AsO^\ + 2lf^O Monoclinic, 

From Harstig Mine, Paisberg, Sweden. Description not yet pub- 
lished. 

Celestite, Knobly Ml, Mineral Co,, W. Va. 

Found in pockets in a bluff of lower Helderberg limestone vn pyra- 
midal crystals, sometimes 3 inches in length by 2 inches in thickness, 
color ranging from deep blue to colorless ; sometimes clear but usually 
more or less opaque. — G. H. Williams, Amer, Journ, Sci,, March, 1890. 

Dicktnsonite, Brush and Dana {Mn, Fe, Ca, Na^, K^\ {PO^t + 
}iIf^O. Monoclinic, 

Has recently been found at Branchville, Conn., in fairly distinct 
rectangular crystals, in slightly divergent groups. Also in foliated 
to almost massive and granular groups. Color, bright green chlorite 
like. The analyses differ from the original analysis and the formula 
corresponds exactlv to that deduced for fillowite. — Brush and Dana, 
Amer, Jour, Sci., March, 1890. 

Epigenite, Igelstrbm {Mn, Mg\StO^ + JT^O. 

Occurs at Sjo mine, Grythytte, Sweden, in brownish red-bladed 
masses in tephroite. — Am, Jour. Sci,, February, 1890. 

Fairfieldite, af Branchville, Conn, 

In foliated masses with reddingite and hureaulite ; tendency to 
crystallization ; color, white to yellowish or greenish white ; lustre, 
brilliant adamantine to pearly. Previous analysis con firmed. — Brush and 
Dana, Amer. Journ, Sci,^ March, 1890. 
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Ferrostibian, Igelstrom, Monoclinic, 

Found at Sjo mine, Sweden, in crystals in rhodonite. Lustre, sub- 
metallic ; color, black or grayish; streak, brown; H., 4; it is weakly 
magnetic. An analysis gave : Sb^O^, 14.80 ; FeO, 22.60 ; MnO, 46.97 ; 
H,0, 1034; Mg2C03, CaCOj, 2.14, insol. 2.24^99.09. — Amer, Journ, 
Sci.^ February, 1890. 

HUREAULITE. 

Has been found at Branchville, Conn., associated with other man- 
ganese phosphates, in short prismatic crystals of pale violet, reddish 
brown and orange-red color. G, 3.149. — Brush and Dana, Amer, Jour, 
Sci'.y March, 1890. 

KoBELLiTE, Setter berg, 2{Pb, Ag^Cu^e)S, {Bi, Sif\S^. 

Specimens of an ore taken from the Silver Bell mine, at Ouray, 
Col., are claimed to be identical with the Kobellite, of Setterberg, and 
the analyses indicate that the formula should be the one given. 

The mineral is massive; structure, fine granular inclining to fibrous ; 
lustre, metallic ; color, bluish lead-gray; fracture, uneven ; streak, iron- 
black ; H. 2.5 to 3; G. 6334. 

On coal decrepitates, fuses and yields metallic button which may be 
in greater part volatilized. Yields coatings of Sb, Pb, Bi, and on cupel- 
laCion yields Ag. In HCl is d':fcomposed evolving H^S. — H. f. Kellar, 
Journ. Frank. Inst.^ August, 1889. 

Kobellite Liluanite, H, F. Kellar, 3(/^^, Ag^Sy Bi\Sy 

Nodules of a mineral consisting essentially of sulphides of Pb, Ag, Bi 
are found at the Lillian mines, near Leadville, Col. They are usually oxi- 
dized, leaving only a black kernel, which on fracture is found to consist 
of a fine-grained steel-gray mineral with metallic lustre and black streak. 
From analyses the above formula is deduced. — H. F. and H. A. Kellar, 
Journ. Am. Chem. Soc, vii., No. 7. 

Lead, Crystals from Harstig Mine^ Paisberg^ Sweden. 

Native lead has been found in crystals in which the octahedron is 
the most frequent form and the cube and rhombic dodecahedron are 
common. Analysis showed the lead to be 99.71 per cent, pure, and 
G., 11.372, mean of four determinations. — Zeit.f. Kryst., 17, 253. 

Megabasite. 

From Bonita mountain near Silverton, Col., G., 6. 780. WO,, 74. 24 ; 
MnO, 21.09; FeC>, 2.06; CuO, .11, MgO, trace; SiO,, 2.13; total, 
99.63. — H. F. Kellar, yi7«r^. Frank. Inst., August, 1889. 

• Metalonchidite. 

Found on St. Bernard's road near Hausach, in the Black Forest. 
Color, tin white to slightly yellow in rhombic crystals. Composition : 
8,49.56; As, 2.73; Fe, 4512; Ni, 1.29; Cu, 0.72; Pb, 1.12. Cor- 
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responding to a mineral between lonchidite and marcasite. — Zeit. /. 
J^fyst, 17, 302. 

Natrophilite, Brush and Dana, NaMnPO^, 

Found sparingly at Branchville, Conn., with the other manganese 
phosphates, closely associated with and resembling the lithiophilite. 
In cleavable masses and occasional crystalline grains. Color, deep wine- 
yellow ; lustre, brilliant resinous to nearly adamantine, clear and trans- 
parent, but much fractured, often covered and penetrated by silky film 
of faint yellow unknown mineral. 

Before the blowpipe fuses very easily, coloring the flame intense 
yellow. — Brush and Dana, Am. Journ, Set, , March, 1 890. 

Nesquehonite, Gen/hfMgCO^+jJT^O. Orihorhombic, 

The mineral lansfordite, described by Genth,* as occurring at the 
Nesquehoning Mine, near Lansford, Pennsylvania, has been found to 
undergo partial decomposition with the formation of transparent radiat- 
ing crystals of a new mineral of the above composition. An elaborate 
crystal lographic and chemical description is given. — Genth and Pen- 
field, Amer, Journ, Set,, February, 1890. 

Phenacite, Amelia C. H,, Vir^nia, 

In badly cracked crystals, with topaz, and damourite after topaz. — 
Amer. Journ, 5«., April, 1890. 

Pleurasite, Igelstrbm, 

Found at Sjo mine, Sweden. Considered to be an arseniate of 
iron and manganese containing chlorine. Color, blue-black; lustre, 
submetallic ; fracture, conchoidal ; H = 4. — Amer, Journ, Set'., Feb- 
ruary, 1890. 

PoLVCRASE, or an Allied Species, 

About 100 grammes of crystals, resembling polycrase, were found in 
Henderson county, North Carolina. Color, coal-black, brownish - 
yellow in thin sections, altered on surface to pale yellow substance ; 
streak, light yellowish-brown ; lustre, brilliant, submetallic to resinous ; 
fracture, conchoidal ; G = 4.72 to 4.78 ; H = 5.5* 

Later fiiid near Upper Saluda River, South Carolina, twenty miles 
from first locality^ yielded twenty pounds of apparently same mineral, 
differing slightly in hardness and gravity; G = 4.925 to 5.038 ; H = 
6, — Hidden and Mackintosh, Amer, Journ, Sci., April, 1890. 

Reddingite. 

The recent finds at Branchville, Connecticut, have allowed more 
complete description. Crystals, octahedral in habit, resembling scoro- 

* Zeit, Kryst., xiv., 255. 
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dite and strengite. Color, pale rose pink, or pinkish-white, often con- 
taining scales and stellate groups of dickinsonite. Previous analyses 
confirmed. — Brush and Dana, Amer. Journ. Set,, March, 1890. 

Stibiatil, Igeistrom, Monoclinic, 

From Sjo Mine, Sweden. Supposed to be a hydrous antimoniate 
of manganese and iron. Color, black; lustre, metallic; H=4. — Amer, 
Jour.i, Sci,y February, 1890. 

Thinolite, Lake Lahonian, Nevada, 

And jarrowite, of Tyne River, may be identical. — Kept, British 
Ass'n.y 1887. 

Tyrolite. 

Examination of apparently perfectly pure material leads Hillebrand 
to consider the SO3 a proper constituent of the mineral, and not due to 
intermixed gypsum. 

E. S. Dana has examined minute isolated crystals, which prove to 
be orthorhombiq, showing the pinacoid and two iprisms. From the 
prism of 86®, the ratio a \ b ^^ 0-9325 : i was calculated. — Amer, 
Journ, Sci., April, 1890. 

Varvicite, AustinvilUy Wythe County^ Virginia, 

In fine radial masses in psilomelane. Color and streak, brownish- 
black ; H =: 1.5 ; G = 3.27. Formula calculated, BaMn,0,8 + 3H,0. — 
Amer, Chem, Journ., January, 1888. 

Whewellite, Brooke and Miller, 

**This species, an oxalate of lime, was observed by Brooke in 
crystals, from a tenth to a fourth of an inch broad, on calc spar ; the 
locality of the spar is not known.*' — Dana^s System Min,, p. 718. 

In 1876, a single large crystal was found at the Hilfe Gottes shaft 
of the coal mines of Zwickau, Saxony. 

In 1884 (Jahrduchy 1884) Weisbach described its occurrence in 
small, heart-shaped twins, ]4 inch by 2 inches, in the coal-beds of 
Burgk, Plauen Grunde, Saxony. 

Frenzel reports ( Tschermak, Mittheilungen, 1889, p. 83), the dis- 
covery of a handsome twinned crystal in the collection of a mme super- 
intendent at Freiberg, 

WURTZILITE. 

A bitumen, from Uintah Mountain, Utah, related to and resem- 
bling uintahite. — Eng, and Min, Journ., December 21, 1889. 
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Practical Mining. A Field Manual for Mining Engineers, with Hints to Investors 
in Mining Properties. By John G. Murphy, E.M. (S. of M., '^^), i2mo., io6 pp. 
D. Van Nostrand Company. 1890. 

The title of Mr. Murphy's little book is somewhat misleading. It 
does not treat upon such subjects as drilling and blasting, shaft-sinking, 
or timbering, commonly included under the head of practical milling, 
nor does the book contain descriptions of methods of prospecting, nor 
an outline of the work of examining a mine or mineral property which 
the title ** field manual ** would suggest. The third section of the title 
expresses more accurately the purpose of the book, which is moreover 
limited to gold and silver mining, and especially to the problems in con- 
centration, milling, and metallurgical treatment connected therewith. 
The book covers but a small section of a very large field, but covers this 
section most admirably. The special object of the book, is to show the 
capitalist something of the duty of the engineer, in examining and report- 
ing upon a mining property, the amount of care and trained judgment 
necessary, and the wide range that such an investigation must cover 
that the results may be trustworthy. Mr. Murphy emphasizes the fact, 
unfortunately only too well known, that the risks and uncertainties of 
mining are enormously increased by the lack of careful and intelligent 
investigation, and still more by insufficient development of the deposit, 
before the investment of capital in expensive plant and machinery. 
Mr. Murphy illustrates his points by a number of examples, evidently 
based upon actual experience ; and his tales of incompetent and dis- 
honest management of mining enterprises are exceedingly well told and 
very much to the point. H. S. M. 

Roofs and Bridges. Part II., by Mansfield Merriman and Henry S. Jacoby, of 
Lehigh University. Published by John Wiley & Sons. 

This work is the third in the series on structural engineering, pro- 
duced by Professor Merriman. The first is ** Mechanics of Materials," 
of which a new edition has recently appeared. 

This was followed by Roofs and Bridges, Part I., in which the stresses 
in framed structures are treated by analytical statics, and now appears 
the subject of review, in a sense duplicating the former work, but 
by the use of graphical statics. 

All who have read Professor Merriman 's former works will expect to 
find in the latest, in which his influence of course has predominated, 
simplicity of treatment, and directness of statement ; a certain straight- 
forward manner of reaching results that is highly valuable in a text- 
book. 

His style is like the thoroughbred racehorse ; clean of limb, round in 
heart, it is a highly trained machine for reaching the goal by the most 
direct route and in the shortest time ; there is not a pound of super- 
fluous flesh ; every muscle and nerve is tense for its specific purpose. 
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The suspicion occurs sometimes in reading his books, are they not a 
little overtrained ? 

Perhaps if he occasionally strayed from the track into fields where 
too many writers hopelessly bewilder the student, it would be of service, 
and Professor Merriman could be safely trusted not to lose himself or 
his followers therein. 

Roofs and Bridges, Part 11., is not distinguished by any especially 
new investigations ; in fact that can hardly be expected in the treatment 
of graphical statics at the present day. It is rather a clear and good 
arrangement of methods endorsed by use, with some few points where 
new light is thrown on the subject. 

There are three chapters, devoted respectively to ** Principles and 
Methods,*' to " Roof Trusses," and to " Bridge Trusses/* embracing 
altogether ii6 pages. 

In the last chapter is an especially interesting graphical treatment of 
the subject of distributed engine loads. 

In addition to the cuts scattered through the book are several folded 
plates at the end. J. L. G. 

The Architectural and Building Monthly. 

This is the latest candidate for the favor of those interested in build- 
ing operations generally. Within its somewhat flaming cover it contains 
twelve plates of plans, elevations, framing-diagrams and scale-details of 
houses and cottages. The designs represented are of various grades of 
merit, one or two being from the offices of well-known architects. Some 
of the detail-drawings are excellent, and should prove useful and sugges- 
tive to builders and young draughtsmen ; the balance of the drawings 
represent a quite ordinary grade of wood-construction, buildings of 
stone or brick not being shown in any of them. The letter-press is 
limited to one page of brief notices of the twelve plates. The price of 
this periodical (five dollars per year, or fifty cents per number), seems 
hardly warranted by the number of plates, or by comparison with certain 
other architectural publications which for fifteen cents a number give 
eight plates and ten or twelve pages of text profusely illustrated. The 
underlying idea of this rtionthly is, however, an excellent one ; and if 
its publishers will avoid confining themselves to the cheaper and more 
commonplace phases of wooden architecture, there is no reason why they 
should not develop their publication into a most practical and useful 
periodical, filling a field hitherto unoccupied. 

A. D. F. Hamlin. 
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An Honor to Professor Egleston. — On February 6th, 1890, the 
President of the Republic of France issued a decree appointing Profes- 
sor Thomas Egleston of the School of Mines of Columbia College, a 
Chevalier of the Legion of Honor. 

This distinction was conferred upon Professor Egleston on the recom- 
mendation of the Director and Members of the Faculty of the Ecole 
des Mines, from which institution Professor Egleston gtaduated in i860. 
The honor was conferred in recognition of Professor Egleston's distin- 
guished services to science, and to the Ecole des Mines, and the Director 
states that he considers it a special honor to the Paris school. C.F.C. 

The Columbia Club. — The Standing Committee of the Alumni As- 
sociation of Columbia College and the Board of Managers of the Alumni 
Association of the School of Mines have under consideration the for- 
mation of an Athletic Association which will offer the following facili- 
ties: 

A large and thoroughly equipped gymnasium, with commodious 
dressing-rooms, baths, etc.; rooms for fencing, boxing, and billiards; 
Alumni and College assembly rooms ; parlors, reading and reception 
rooms ; bowling alleys ; space for lawn tennis and other games ; also, 
restaurant and lunch counter, without bar. The under-graduates of the 
Schools of Arts, Mines and Law, to have the use of the gymnasium 
under restrictions. 

The building to be fire-proof, and located as near the college as prac- 
ticable. 

The membership to consist of: 

ist. Active Members, — This class to include graduates of any of the 
schools of Columbia College, and officers of instruction in any of the 
schools of Columbia College. 

2d. Associate Members, — Those who may not be graduates or con- 
nected with the college. This class to be entitled to all the privileges 
of active members with the exception of the right to vote and to hold 
office. 

3d. Non-resident Members, — Those who reside more than thirty miles 
from New York City. 

The initiation fee for all members to be %^o. The annual dues not 
to exceed J540. Non-resident members to pay an annual subscription 
of ;f 20. 

The number of active and associate members to be limited to 2000. 

The special committee in charge of this matter consists of Prof. J. 
H. Van Amringe, chairman ; Mr. F. A. Schermerhorn, Prof. J. K. Rees, 
Mr. W. F. Morgan, Mr. Nicholas Fish, Mr. George G. De Witt, Jr., 
Prof. J. T. Goodwin, and Prof. P. de P. Ricketts. 

The committee have already received about 500 applications for mem- 
bership from graduates of the various schools of the college without 
making any special effort. In order, however, to give every graduate 
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an opportunity to join on the same basis as on first 500, it has been 
decided to admit approved applicants, whose application shall be re- 
ceived by the secretary on or before May 20th, 1890, at the reduced 
initiation fee of $25. 

Departments of Mineralogy and Metallurgy. — In the depart- 
ment of mineralogy a very large number of specimens, nearly 1500, 
including 103 species and 27 varieties not previously represented, have 
been put into the collection since the commencement of the school year. 
Preparations have been made for teaching the use of instruments, both 
in measuring crystals and in studying the optical properties of minerals. 
This has been made possible by the additional room given the depart- 
ment in the old president's building, and by the well-earned and well- 
timed promotion of Dr. A. J. Moses to the position of Adjunct-Profes- 
sor of Mineralogy. All the collections used .in the conferences have 
been improved and enlarged. More interest is being manifested in these 
collections by the graduates of the school, and if all of the alumni who 
find good mineral specimens would forward some of them to the school 
it would be a great assistance. 

In the department of metallurgy, about 60 diagrams have been added 
to the collection, and a new system of keeping them has been intro- 
duced. The collection of working drawings has been added to, and is 
in process of rearrangement. The metallurgical collection has been very 
much enlarged, and is being removed to a room under the basement of 
Hamilton Hall, where it will be much more accessible than it has been 
in a number of years, and much better arranged. The metallurgical 
laboratory has been rearranged in order to facilitate the study of high 
temperatures. The faculty have recommended the trustees to enlarge 
the staff of this department in order to increase its efficiency. Other 
plans for the greater usefulness of the metallurgical department are 
under consideration, which it is hoped will be completed within the 
next year. • T. E. 

Department of Geology. — In the department of geology, which 
includes botany and zoology, the most important event that has occurred 
during the last quarter has been the promotion of Dr. N. L. Britten 
from the office of Instructor in Botany and Zoology to that of Adjunct- 
Professor of Botany. 

Dr. Britton graduated from the School of Mines as a mining engineer 
in 1879, ^^^ was immediately appointed assistant in geology. Later, he 
took the degree of Ph.D., and for the last three years, as instructor, has 
given lectures on botany in the School of Mines and the School of Arts, 
and has also had charge of the herbarium. 

During the first three months of the academic year, instruction was 
given in zoology by Mr. John I. Northrop, fellow in geology ; but Mr. 
Northrop then went to the Bahamas on a collecting expedition, and his 
college duties have since been performed by Mr. Bashford Dean, honorary 
fellow in the department of geology. Mr. Northrop is still in the Ba- 
hamas, where he has been eminently successful in making collections. 
Ten packages of plants and marine animals have already been received 
from him, and many others are to follow. The past summer was spent 
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by Mr. Northrop on the coast of Maine, where he made large collections 
both from sea and land, and his year's work will result in very important 
additions to the herbarium and to the zoological collection. 

Mr. F. J. H. Merrill having resigned his position as fellow in geology, 
on the ist of February Mr. Arthur Hollick was appointed his successor. 

A new course of lectures was inaugurated by the Professor of Geology 
at the beginning of the year, on building materials, to the engineers 
and architects. 

The additions made to the geological cabinet during the past quarter 
have been numerous and important. They consist of fossil plants from 
Colorado, fossil fishes from Illinois and Iowa ; and in the department of 
economic geology, coals, asphalts and ores from the far west, and granites, 
marbles and other building stones from the Eastern States; among the 
latter a newly-discovered brecciated marble from Manchester, Vt., de- 
serves special notice. The ground-mass is red, sometimes scarlet, thickly 
set with angular fragments of white marble ; it is very beautiful, and 
altogether the most striking of American marbles. J. S. N. 

Engineering Department. — Questions for the Semi-annual Examina- 
Hon on the Theory of Electrical Measurements : — Dr. M. I. Pupin. 

(i). Define the absolute system of measurement. Explain the mean- 
ing of the term ** absolute.'* 

Point out the fundamental difference between the absolute and the 
practical system. 

(2). State Coulomb's law and show how to express a quantity of elec- 
tricity or a quantity of magnetic matter in terms of the three fundamen- 
tal quantities. 

Explain what is meant by (a) ** the definition of a physical quantity," 
{?) by ** a physical law " and point out its limitations. 
. (3). State Ampere's law and define the electromagnetic unit of current. 

(4). Give the physical definition of the potential function and show 
that by reason of the principle of conservation of energy Joule's law 
must hold true in the case of a steady current flowing through a homo- 
geneous system of conductor all of whose parts have the same tempera- 
ture. 

What phenomena are observed in the case of a current flowing through 
a heterogeneous system of conductors and how do they modify the quan- 
tity of heat developed in the metallic conductors ? 

(5). Show that the following enunciation of Joule's law : H ^ RC*t, 
/>., quantity of heat developed in any part of the circuit during the time 
/ is equal to the product of the resistance of that part of the circuit into 
the square of the current, into the time /, implies the existence of another 
law, and point out under what limitations this law holds true. 

Express H in terms of gramme-calories. 

(6). Given that a rise of i*^ C. in the temperature of the coils of a 
galvanometer introduces an error of ^ per cent, in the reading show 
how to determine the maximum current which may be allowed to flow 
through the galvanometer for n seconds without introducing an error in 
the reading greater than i per cent. 

(7). State Faraday's law of electrolytic action and show how it enables 
us to calibrate a galvanometer. 
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Give a short account of the construction of a B. A. U. of resistance. 
What is the ratio of this unit to the legal ohm ? 

(8). Give diagrams illustrating the various methods of determining 
electrical resistance. 

(9). What is the practical difference between a galvanometer and an 
ammeter ?. Give a short account of the construction of the Ayrton & 
Perry ammeter. In what points of construction does a voltmeter differ 
from an ammeter? Give the most essential points in the calibration of 
a standard voltmeter. 

(10). Deduce the fundamental equation of an ideal dynamo and point 
out the various sources from which, in the case of a real dynamo, modi- 
fications are introduced into this fundamental equation. 

(11). Classify the various kinds of continuous current dynamos. 
Show that in every case a complete account can be given of all the 
quantities which enter into the analysis of the economical value of the 
dynamo, provided we have determined experimentally the pol difference 
of potential, the current in the external circuit and the internal resis- 
tance. 

Give the methods of measuring these three quantities. Point out the 
danger which may arise from a sudden large decrease in the angular 
velocity of the armature and describe some means of obviating this 
danger. 

(12). Trace the path of energy from the motor through the dynamo 
to the useful work done in the external circuit. What is the total elec- 
trical energy of the steady state of a dynamo and what fraction of this 
is available for external work ? Define the apparent and the real 
efficiency of a dynamo and show that they can be expressed in terms of 
the internal and external resistances, taking for an example a series 
dynamo. 

Questions for the Semi- Annual Examination on the Theory of Elec^ 
tricity : 

(i.) A system of n material points connected by X functional rela- 
tions between their co-ordinates and the time moves under any forces ; 
deduce Lagrange's equations of motion. 

(2.) Show how to deduce D'Alembert*s principle from the above 
equations of motion. 

(3.) Deduce the principle of conservation of vis viva, and show that 
it holds true for an electrical system. 

(4.) Show that every conservative system has a function, which is a 
physical analogon to the potential function of an electrical system. 

(5.) State the fundamental analytical properties of the potential func- 
tion and its first derivatives. Show that the second derivatives become 
CO at points within the agency. 

(6.) Deduce Laplace's and Poisson's equations ; also, the character- 
istic equation for a surface-distribution. 

(7.) State Green's theorem, and the conditions under which it holds 
true. 

(8.) The potential function and the force at every point of a surface, 
surrounding an electrical distribution, are given ; prove that the poten- 
tial function at any point throughout the infinite external space is then 
also given. 

Problem, — A hollow conductor surrounds another charged conductor; 
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if the external conductor be connected with the earth, show that there 
will be then no electrical action at any external point. 

(9.) Deduce Clausius's equations for a Leyden jar. 

(10.) A finite portion of a di-electric is polarized. Prove that it 
will act upon any external point, like a volume distribution of electricity 
throughout the interior of this di-electric, plus a surface-distribution on 
its surface. 

(11.) Deduce an expression for the energy of a system consisting of 
permanent magnets, charged bodies and electrically and magnetically 
polarizable bodies, and from the principle that when the system is in 
equilibrium, this energy must be a minimum, deduce the fundamental 
equations for the theory of magnetic and electrostatic induction. 

Department of Architecture. — Since the last issue of the Quar- 
terly, perhaps the most interesting event in the Department of Architec- 
ture has been the opening of the competition for the Columbia (traveling) 
Fellowship in Architecture, established by the trustees last December^ with 
the fund of ^13,000, so generously given by one of their number, Mr. 
F. A. Schermerhorn. The interest of this fund, amounting to ;Ji3oo 
every other year, is to be spent by the winner in foreign travel, in ac- 
cordance with a plan to be submitted by him and approved by the Pro- 
fessor of Architecture and President, and he is further required to send 
to the department certain drawings and studies made in the course of 
these travels, as is done in the case of the Frix de Ronie^ and the Rotch 
Scholarship. 

The competition, which is open to all graduates of the department, 
consists of three sessions, with two intervals of three weeks each for 
study. The programme of the three sessions, while intended to test 
most thoroughly the powers of the competitors, has been arranged with 
a view to attract competitors by its practical usefulness and the excel- 
lent drill it aifords, rather than frighten them by formidable difficulties 
in the problem given out and the severity of its requirements. The 
sessions take place in the evening, •in order that no one may be cojn- 
pelled to give up his office-work or his position in any architect's em- 
ploy. Under these conditions, eleven men have engaged in the con- 
test, a twelfth having retired, owing to ill-health. The first session of 
one week (six evenings, March 3d to 8th) was spent in studying the 
preliminary sketches for the design, the subject being *' A Town Hall 
for a Country Town ;*' to comprise on the first floor a town-rlerk's 
office, selectmen's room, peace- justice court- room and public library ; 
while the second floor is to be devoted to a public hall foF town-meet- 
ings and entertainments ; the whole building to be of brick or stone and 
fireproof; plans and elevations for sketch, to -jig-inch scale ; the sketches 
to be left with the department and tracings from them retained by com- 
petitors for elaboration in the second session. This second session of 
two weeks (twelve evenings) closed on the evening of April 12th, and 
was devoted to the preparation of ** contract-drawings '* of the town- 
hall. These drawings comprised two plans, two elevations to the ^- 
inch scale, and a cross-section to the ^-inch scale, besides an enlarged 
detail of some one architectural feature. To prepare all these drawings 
in thirty hours, even after three weeks* study and elaboration of the de- 
sign at home, was no child's play. 
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The final test of six evenings beginning May 5th, will consist of a 
series of examinations on specifications, graphical staticf^, sanitation and 
building-construction, which will be confined to the familiar and every- 
day matters of the best architectural practice. Upon these the examina- 
tion will be thorough, but it will avoid those more advanced and difficult 
phases of practice which belong rather to the specialist or the engineer 
than to the ordinary experience of the architect. For the award of the 
prize it is hoped to secure the services of two or three distinguished 
architects as a jury, and their decision may be expected shortly after the 
close of the contest. 

The main outlines and scope of the competition were laid down by 
Professor Ware before his departure last November. When last heard 
from the Professor was about embarking from Alexandria for Athens, 
having just ended a nine weeks* trip on the Nile, which he describes as 
intensely interesting and very restful. In Athens he will be the guest 
of Dr. Waldstein at the American school (whose plans were his design) 
and a journey through Greece with Professor Goodwin of Haivard is 
also a part of the programme for the spring months. Restored health 
and fresh vigor can hardly fail to result from such delightful experiences. 

Through the courteous co-operation of General di Cesnola and Pro- 
fessor Hall, the third and fourth classes of this department have been able 
to carry on their exercises in free-hand drawing at the Metropolitan 
Museum of Art. They have drawn principally from the superb Willard 
collection of architectural casts and models, which has furnished not only 
admirable drawing models, but a splendid series of object lessons in art 
history and design. The collection, although only a portion of it has 
as yet been put in place, is well worth a visit from any one, architect or 
not ; the whole cannot be put on exhibition until the new wing now 
being designed, shall be added to the museum. 

The Wednesday afternoon sessions for practical work at the New York 
Trade Schools came to a close with the first Wednesday in April. The 
third and fourth year architects have learned to plaster a wall, paint the 
wood-work, and sheathe and shinglfe the side of a house with their own 
hands, besides various other details of carpentry which will serve them 
to good purpose in building superintendence. They are now engaged, 
under Mr. Snelling*s direction, in designing a wind-mill tower, for which 
they will prepare full-sized working details. In addition to this and to 
the regular design -work of the term, the graduating class are now study- 
ing the designs to accompany their theses, which must this year either 
describe or be illustrated by original designs, a condition which has not 
hitherto been required. A. D. F. Hamlin. 
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GEYSERS. 

By WALTER HARVEY WEED. 

Early- in the present century the attention of scientific men was 
attracted to Iceland by stories of wonderful fountains of steam and 
hot water found in that country, and such was the interest which 
these unique curiosities of Nature aroused throughout Europe 
that several expeditions were sent to Iceland to study the phe- 
nomena. To these fountains the Icelanders gave the name of 
geysers, the term being derived from the verb geysa^ signifying 
to gush. 

A geyser may be defined as a hot spring which intermittently 
ejects a column of boiling water and steam. However no sharp 
line of distinction can be drawn, since in all geyser regions there 
is every gradation, from the quiet pool of warm water to a boiling, 
steaming spring which is intermittently agitated, and from the 
latter to a full-fledged spouting geyser. In the present paper I 
shall attempt to give an account of the general features of these 
beautiful fountains without treating the many interesting ques- 
tions which come up in a discussion of the subject 

In looking at the distribution of geysers in various parts 
of the world one is quickly impressed with their great rarity. 
Hot springs abound in many countries, but boiling springs are 
characteristic only of regions of recent (that is geologically 
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recent) volcanic activity ; it is only in such regions that geysers 
occur. Until late in this century Iceland was the only land 
where geysers had been found. Less than forty years ago they 
were discovered in considerable numbers in New Zealand, and 
since then a few others have been reported from other parts 
of the world. The " Geyserland " of the world is undoubtedly, 
however, the Yellowstone National Park, a region situated in the 
heart of the Rocky Mountains, at the headwaters of the Missouri 
and Yellowstone, and discovered so late as 1 869. 

In order to bring before the reader a general idea of the true 
relation of geyser vents to the surrounding topography and water- 
courses of the districts, a brief description of the three great geyser 
regions of the world will be attempted. It has been my good 
fortune to have spent seven summers at the various geyser 
** basins'* of the Yellowstone in connection with my duties as 
Assistant Geologist on the U. S. Geological Survey party under 
Arnold Hague. The other regions are familiar through the de- 
scriptions of friends who have seen them and the writings of other 
visitors to those countries. 

Iceland has been already alluded to as the birthplace of the 
word geyser. It has been called the land of frost and fire, and 
in no place are the evidences, nay the very forces themselves, of 
frost and fire brought so forcibly in contrast. The island is emi- 
nently a volcanic region, a central tableland with sharp volcanic 
peaks, hooded with great Jokuls or glaciers, and mantled with 
perpetual snows, and surroun<ded by a more or less narrow strip of 
lowland bordering upon the sea. The evidences of internal fire 
are unmistakable. Hecla and other volcanoes are occasionally 
active, and the whole island is covered with lava poured out by 
the volcanoes. 

The source of the heat supplying the geysers is unquestioned. 
As would naturally be expected from the combination of water 
and fire, hot springs are abundant and at a few localities geysers 
are found. The most noteworthy of these is Haukadal, where 
The Geyser, Strokr and a smaller geyser are found. This locality 
is about seventy miles from Reykiavik, the Iceland metropolis, 
and is only reached on horseback over beds of clinkers and rough 
lava fields ; a dreary ride so far as scenery goes, but of fresh nov- 
elty to visitors from warmer lands. The hot springs are clus- 
tered in an area of about twenty acres, at the base of a hill about 
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an eighth of a mile long and three hundred feet high, and at the 
edge of the marshy bottom that stretches out toward the Hvita 
river. The springs are really at the base of the seaward border 
of the high ground where the waters that have percolated through 
the tuffs and porous lavas of the higher region would come to the 
surface. The two geysers, Strokr and The Geyser, issue from 
mounds of gray or white silica deposited by the hot waters, and 
the neighboring springs are surrounded by lesser areas of the 
same material, while on the hillside back of the springs the rock 
is decomposed by the steam of fumeroles. These two large 
spouters show two types of geysers. Strokr has a funnel-like 
pit thirty-six feet deep and eight feet across, expanding into a 
saucer- like basin. The tube is generally filled to within six feet 
of the top with clear water, which boils furiously, owing to the 
escape of great bubbles of steam coming from two openings in 
opposite sides of the tube. The eruptions are quite as beautiful as 
those of its more famous companion, the jets rising in a sheaf-like 
column to a height of one hundred or more feet, eruptions taking 
place at very irregular and long intervals ; but by putting a lid on 
this great kettle, by dumping in large pieces of turf an eruption 
can be produced in a short time. 

The Geyser, on the contrary, is a pool of limpid, green water 
whose surface rises and falls in rhythmic pulsations. The usual 
temperature is but 170° F. or 200° F., but varies, being greater im- 
mediately before an eruption. The shallow, saucer-like basin is 
about sixty feet across and slopes into a cylindrical shaft ten feet 
in diameter, forming the pipe of the geyser — this is about seventy 
feet deep. This regularity of the tube becomes important when 
we consider Bunsen's experiments and the theory of geyser action 
he deduced from them. Before an eruption bubbles of steam en- 
tering the tube suddenly collapse with loud but muffled reports 
and a disturbance of the quiet surface of the water. During this 
simmering, for such it is, the water rises in dome-like mounds over 
the pipe and overflows the basin, running down the terraced slope 
and wetting the cauliflower-like forms of sinter that adorn it. 

The eruptions have varied much in appearance and height since 
the geyser was first known. At present the column does not ex- 
ceed ninety feet and the eruption lasts but a few moments. After 
it the basin is empty and seems to be lined with a smooth coating 
of white silica. 
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The geysers of New Zealand are situated in a region clothed 
with a luxuriant vegetation that is in strong contrast to the bleak 
and barren lava fields of Iceland, but an examination of the position 
of the springs, with respect to the physical features of the region, 
shows that the situation of the geysers* is nearly the same in these 
antipodal isles. The New Zealand geysers occur in the North 
Island, in what is known as the volcanic region, or the Taupo 
zone. Within an area of 4725 square miles, in which none but 
volcanic rocks are found, there are six volcanoes, and great num- 
bers of solfataras, fumeroles, mud volcanoes and hot springs, and 
many geysers. The lavas are all of the acid type, mostly rhyolite, 
but are hidden by surface-decomposition and an abundant vegeta- 
tion, save upon the flanks of the peaks. The axial line of this zone 
runs northeast and southwest, each end being marked by an active 
volcano, and its course by a line of greatest thermal activity. This 
wavy line of hot springs follows well-marked physiographical fea- 
tures of the country, being characterized by river valleys, low plains 
and lake margins. On both sides of this central depression, the country 
is liigher, presenting plateaus of 2000 to 3000 feet, and eroded into 
detached cut-blocks. Little is known of tne geysers on the shores 
of Lake Taupo, or those on the banks of the Waikato river, but 
the famous terraces of Rotomahana, called the eighth wonder of 
the world by James Anthony Froude, attracted attention to the 
geysers which formed them, and made their vicinity the best-known 
part of the district. The warm lake, called by the Maoris, Rotoma- 
hana, was a shallow body of warm water, about a mile long, and a 
quarter of a mile broad, comprising 185 acres. The waters were 
of a dirty, greenish hue, reflecting the sombre green of the fern and 
the ti-tree- covered slopes about it, and the sedgy margins sheltered 
large numbers of duck and other water-fowl. Rising above its 
surface like stairways of delicately-sculptured marble, were the 
pink and white terraces. At the top of the terrace, 120 feet above 
the lake, was the Terata geyser, whose overflow had built up this 
wonderful work and filled the basins and pools with waters whose 
tints were both the delight of the eye and the despair of the pen. 
The geyser caldron was some 60 by 80 feet across, its clear and 
boiling water usually overflowing, and occasionally ejected to a 
height of 40 to 100 feet, wetting the steep banks of bright-colored 
fumerole clays about the crater, but not forming the beaded 
geyserite, characteristic of so many of these fountains. Such erup- 
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tions followed a period of quiescence, when the waters retired 
within the pipe for many hours. Owing to the comparative inac- 
cessibility of the caldron and the beauty of the terraces, but few 
observations are on record of the action of the geyser. The water 
carried 150 grains of solid matter to the gallon, of which one- 
third was* silica, and the daily outflow of 100,000 to 600,000 
gallons per hour, brought up ten tons of solid matter dissolved 
out of the underlying rocks. It is easy to see what great under- 
ground caverns would be formed by this geyser alone in a com- 
paratively brief time. In the volcanic outbreak of Tarawera, in 
June, 1886, the waters of the lake and underground reservoirs 
were drawn into the newly-ppened fissure, and by the extraordi- 
nary explosion that followed, the terraces were completely de- 
stroyed, and the site of Rotomahara became a crater that threw 
mud over the surrounding country. 

The Yellowstone geysers are, doubtless, familiar to many 
readers of this paper. The geyser ** basins," as the localities are 
termed, conform, in their relations to the surrounding high ground 
and their coincidence with lines of drainage and the loci of springs, 
to the laws governing the distribution of the same phenomena in 
other parts of the world. The Park itself is a reservation of about 
3500 square miles, the central portion being an elevated volcanic 
plateau, accidented by deep and narrow canons and broad gentle 
eminences, and surrounded by high and rugged mountain ranges. 
This central portion whose average elevation is about 8000 feet 
above the sea, embraces all the hot-spring and geyser areas of 
the Park. The volcanic activity that resulted in the formation 
of the Park plateau, may be considered as extinct, nor are there 
any evidences of fresh lava flows. Yet, the hot springs, so widely 
distributed over the plateau, are convincing evidence of the pres- 
ence of underground heat. There is no doubt that the waters 
derive their high temperatures from the heated rocks below, and 
that the origin of the heat is, in some way, associated with the 
source of volcanic energy.* 

The usual route of travel through the park, makes the Norris 
Geyser basin the first of the so-called basins seen. There are 
many reasons for believing this to be the most recent of the 



* Arnold Hague. "Geological History of Yellowstone Park." — Transactions 
American Institute Mining Engineers^ vol. xvi., p. 887, 
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geyser areas of the world, and here there are several examples of 
geysers, spouting from fissures in the solid rhyolite. 

The greatest geyser of the park, and indeed, the grandest of the 
whole world, is Excelsior, some twenty- five miles beyond the Nor- 
ris Basin. Unlike the less capricious and more fountain-like gey- 
sers of the Upper Firehole, this monster of geysers does not spout 
from a fissure in the rock, nor from a crater or cone of its own 
building. It is a monster of destruction, having torn out its great 
crater in the old sinter-covered slope, builded by the placid 
and beauteous Prismatic Lake. The walls, formed by the 
jagged ends of the white sinter layers, which are lashed by the 
angry waters, are ever undermining the sides and enlarging the 
cauldron. The eruptions are so stupendous that all other geysers 
are dwarfed by comparison. The grand outburst is preceded by 
several abortive attempts, when great domes of water rise in the 
centre and burst into splashing masses ten to fifteen feet high, 
while the waters surge under the over-hanging walls and overflow 
the slope between the crater and the river. Finally, with a grand 
boom or report that shakes the ground, an immense fan-shaped 
mass of water is thrown up to a height of 200 or more feet, 
great clouds of steam rolling ofiF from the boiling water, while 
large blocks of the white sinter are flung far above the water and 
fall about the neighboring slopes. It is a sight that inspires 
enthusiasm in the most phlegmatic, and few can resist the tempta- 
tion to give loud expression to their feelings. Unfortunately, this 
monarch of all geysers has ceased to erupt, but may be expected 
to break forth again at any time. 

A few miles beyond Excelsior is a group of geysers that is with- 
out a rival. Sentinel, Fan, Cascade, Riverside, Mortar and Grotto, 
greet one on entering the basin, either by quiet steaming or by 
flashing jets. Giant, Splendid, Castle, Grand, Giantess, Lion, and 
Old Faithful are but a few of the wondrous fountains of the place. 
The last is most deserving of its name. Ever since its discovery 
in 1870, it has not failed to send up a graceful shower of jets at a 
regular interval of sixty- five minutes. Its beauty is ever varying, as 
wind and sunlight play upon it. and the mound about its vent is 
adorned with delicately-tinted basins of salmon, pink and yellow, 
filled with limpid water whose softness is enticing. It is the 
geyser of the Park and indeed of the world, and many a visitor to 
** geyserland " departs without seeing any other of the many gey- 
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sers in action and yet feels more than repaid for the journey. For 
beauty of surroundings, the Castle will perhaps be awarded the 
palm. Its sinter chimney, or cone, is formed of exquisite cauli- 
flower- or coral-like geyserite whose general form makes the 
geyser's name appropriate. Its eruptions are frequent, averaging 
some thirty hours, when a stream of hot water is thrown up to a 
height of seventy-five feet for some fifteen minutes, followed by the 
emission of steam with a loud roar that can be heard for miles. 
A few hours after the eruption the tube is again full, and occasional 
jets of ten to twenty feet are thrown out until the next eruption 
ensues. 

Geyser Waters. 

The descriptions which have been given of the chief geyser re- 
gions of the world, lead to the question : What is the source and 
character of the geyser waters ? It has been plainly indicated that 
in the fields described, the vents are always situated along lines of 
drainage, on the shores of lakes, or under conditions where ordi- 
nary springs of meteoric water would naturally occur. 

That the geyser waters are surface-waters which have perco- 
lated through the porous lavas, and have been heated by encoun- 
tering great quantities of steam and gases rising from the hot rocks 
below, there is no reasonable doubt. The proximity of ordinary 
cold springs and those of boiling hot water lends support to this 
view. 

These hot waters, traversing the rocks in irregular fissures, 
readily dissolve out the more soluble constituents of the rocks, 
the amount and the character of the salts present varying some- 
what with the nature and amount of gases held in the waters. 
Chemical analyses of geyser waters from the three regions de- 
scribed, show no greater variation than those from different vents 
in any one of these regions. The following table of analyses shows 
that the waters are all similar in character. The analysis of the 
Yellowstone water was made by Prof. F. A. Gooch and for the 
U. S. Geological Survey. Analyses are also given of the water 
from the great geyser of Iceland, and from the New Zealand gey- 
sers, the former by Damour,* the latter by Smith.f 



* Ann. Chem. u. Pharm , vol. 62, 1847, P* 49- 
t Jour.fiirprakt, Chemie^ vol. 89, 1863, p. 186. 
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Analyses of Geyser Waters* 

[Constituents grouped in probable combination. Grammes per kilogramme.] 





Old Faithful 
Geyser. 


Great Geyser, 
Iceland. 


White Terrace 

Geyser, 
New ZcaUnd. 


SiO,, silica ; 


.3961 

.6393 
.0340 
.0478 
.0051 
.0270 
.0213 
.0027 
.0279 
.2088 
.0021 
.0038 
Trace. 
.0017 
.0002 
Trace. 


.5190 
•2379 


.6060 
1.6220 
♦.0950 


NaCI, sodium chloride, 

LiCl, lithium chloride, 

KCl, potassium chloride, 

KB, potassium bromide, 

NajS04, sodium sulphate, 

NagB^O^, sodium borate, 

NajAsOj, sodium arseniate, 

NajSiOj, sodium silicate, 

NajCO,, sodium carbonate, 

MgCOg, magnesium carbonate, . . . 
CaCOg, lime carbonate, ....... 

FeCOj, iron carbonate, 

AloOo, alumina, 






.1342 








.2567 


t.2290 

Trace. 
.025 




.005 


HjS, hydrogen sulphide, 

NH^Cl, ammonium chloride, .... 
CO2, carbonic acid, 










K^SO^, potassium sulphate, 




.0180 
.0091 
.0088 


.0750 


MgSO^, magnesium sulphate, .... 




Na^S, sodium sulphide, 




Total, 




1.3908 


1.2305 


26570 


Specific gravity, 


1.00096 


1.000205 


1.00077 



Source of Heat. 

That the source of the steam is the still hot lavas below, and is 
in some way connected with volcanic action, is so evident from 
the facts that no other conclusion is possible. A very common 
belief concerning the source of the heat of boiling springs and 
geysers, but one which no longer has the support of scientific 
men, is that the heat results from chemical action, as it is vaguely 
termed. Were not the evidence so directly oppo.sed to this idea, 
it would merit consideration, but so far as the heat of geyser waters 
is concerned, all observation shows it to be untenable. To this 
class of theories belongs the popular idea that the geyser basins 
are underlaid by great beds of (quick ?) lime, which supply the 
heat and steam of the geysers. 

The smothered combustion of beds of lignite, coal, or pyrites, 



* CaClg. 



t Na,0. 
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is another form of the same theory that has been received with 
considerable favor, and still commands a few followers. That hot 
springs may have such an origin is not denied, but the geological 
conditions and environment clearly show that none of the great 
geyser regions of the world derive their heat from such action. 

Where the source of supply is deep-seated, spring waters always 
have an elevated temperature, generally proportionate to the depth, 
but the very high temperatures of geysers and the local source of 
the waters excludes this theory. The folding and faulting of 
rocks is another source of heat made manifest by hot springs. 

It has been shown by Dr. Peale, however, that boiling waters 
are only found in regions of volcanic rocks, and pointed out by 
L' Apparent that geysers only occur in acid volcanic lavas. In 
Iceland the volcanic forces are still active, and melted lavas may 
exist at no great depths. In New Zealand the recent eruption of 
the eroded mountain Tarawera showed that heated rocks exist, 
and in that case rose up near enough to the surface to cause the 
explosion which so transformed the country. 

In the Yellowstone there are no active volcanoes, and none of 
even geologically recent activity. The lavas that fill the ancient 
mountain-encircled basin of the Park are scored by glaciers and 
deeply cut by running water, and the old volcanoes from which the 
lavas were, in part at least, outpoui'ed, show no signs of having 
been active since Tertiary times. Yet in this region the expendi- 
ture of heat by the hot springs, geysers and steam vents would 
undoubtedly keep a moderate-sized volcano in a very active state 
were it concentrated. There is no doubt that this heat is con- 
nected with the past volcanic energies of the region and derived 
principally from the still hot lavas, three-quarters of the entire 
area of the Park (3500 square miles) being covered by rhyolitic 
rocks. 

The significance alluded to above of the association of geysers 
and acid lavas (rhyolites) is possibly to be found in the fact that 
these rocks are more easily dissolved by the hot waters forming 
the tubes and reservoirs for geysers. The situation of hot springs 
and geysers along water courses has already been mentioned. It 
is a well-known fact that the presence of water in the pores of a 
rock increases its capacity to conduct heat, so that we may sur- 
mise a rise in the local isogeotherm in such situations. 
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Geyser Eruptions. 

Geysers have often been compared to volcanoes, presenting in 
miniature, with water instead of molten rock, all the phenomena 
of a volcanic eruption. The diversity of form and varying condi- 
tions of activity of the hot springs found associated with geysers 
makes it impossible to determine in every case whether a spring 
is or is not a geyser. Geyser-vents may be mere rifts in the naked 
rock or bowls of clear and tranquil water, quiet until disturbed 
by the first throes of an eruption, and surrounded by white sinter 
deposits in nowise distinguishable from those about hot springs. 
In other cases the vents are surrounded by a cone or mound of 
pearly beaded " geyserite," a certain and distinctive feature of a 
geyser. 

The displays of the great "Geyser" of Iceland have already 
been briefly described ; they may be taken as the type of eruptions 
from geysers having bowl-like expansions at the top of the tube, 
the so-called ** basin " of the geyser. Where the vent is surrounded 
by a cone of sinter, as is so often the case. among the fountains of 
New Zealand and the Yellowstone, the first part of the geyser 
eruption is somewhat different. Perhaps the most familiar geyser 
of this type is Old Faithful, the one geyser in the Yellowstone 
that is sure not to disappoint the visitor. Though surpassed by 
many of its neighbors in the height and magnitude of its erup- 
tions, it holds a, front rank for beauty and gracefulness. Pre- 
viously heralded by loud rumblings, with spasmodic outbursts of 
10 to 20 feet in height that mark abortive attempts to send up 
its steaming pillar, the white column is finally thrown upwards 
with a loud roar, and mounts at once to a height that seems 
hundreds of feet as we gaze upon it. For two, or even three min- 
utes, the column maintains a height which measurements show to 
vary from 90 feet up to 1 50 feet, with occasional steeple-shaped 
jets rising still higher, the jets ever varying and giving off great 
rolling clouds of steam ; then the jets gradually decrease in alti- 
tude, and in five minutes the eruption is over, the tube apparently 
empty, and emitting occasional puffs of steam for a few minutes 
longer. 

During the eruption the water falls in heavy masses about the 
vent, filling the basins that adorn the mound, and flowing off in 
yellow- and orange-colored water-ways, while the finer spray drifts 
off with the breeze and falls upon the neighboring sinter-slopes. 
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It is impossible to measure the amount of water thrown out, since 
it runs off in a number of directions in shallow rills that lead either 
to the sandy terrace near by or to the river. If, however, we as- 
sume that the column of steam and water is one-third water, a 
fair assumption, the estimated discharge is 3000 barrels at each 
eruption. 

Comparing Old Faithful with its Iceland prototype we find con- 
siderable difference in the behavior of the two vents during the 
interval between eruptions. The former, like Strokr, has no bowl 
or basin, and the geyser throat or tube is partly filled with water, 
which is in constant and energetic ebullition, while the geyser is 
inactive. The tube and bowl of ** Geyser " are, on the contrary, 
filled with comparatively cool water. In each case, however, the 
eruption is preceded by an overflow from the geyser tube, in the 
case of Strokr and Old Faithful, as jets of 10 feet to 25 feet in 
height; in "Geyser" by a filling of the bowl and successive over- 
flows, accompanied by the noise of condensing steam bubbles, a 
simmering of the water in the tube. Such preliminary actions 
are significant when we consider the theory of geyser action. 

Theories of Geyser Action. 

The intermittent spouting of geysers was long a riddle to scien- 
tific men, for although several theories seemed each to offer a 
satisfactory explanation of the eruptions of " Geyser," they sup- 
posed conditions unlikely to occur in many vents. The investi- 
gations of Bunsen, and of Descloizeaux, who spent two weeks 
studying the Iceland fountains, resulted in the announcement of a 
theory of geyser action which, with slight modifications, has sat- 
isfied all requirements and is to-day generally accepted as the true 
explanation of the action of these natural steam-engines. This 
theory, which bears the name of the illustrious Bunsen, depends 
upon the well-known fact that the boiling point of water increases 
with the pressure and is therefore higher at the bottom of a tube 
of water than at the surface. The temperature of water heated in 
any vessel is generally equalized by convective currents, but in a 
long and narrow or an irregular tube this circulation is impeded, 
and while the water at the surface boils at 100® C. (at sea level), 
ebullition in the lower part of the tube is only possible at a much 
higher temperature, owing to the weight of the water column 



Digitized by VjOOQIC 



300 



THE QUARTERLY. 



above it. In the section of Geyser shown in the figure the ob- 
served temperatures are given on the left, and the temperatures at 
which the waters would boil, taking into account the pressure of 
the water column, are given on the right. In Geyser the nearest 
approximate to the boiling point is at a depth of 45 feet opposite 
a ledge and fissure discovered subsequent to Bunsen's experi- 
ments. At this depth the temperature is 2° C. below the temper- 
ature at which the water can boil. If by the continued heating of 
this layer by steam from the fissure it attains the temperature at 
which it can boil, steam is formed, whose expansive force lifts the 
superincumbent column of water, causing a slight overflow at the 




Sections of Geyser and Strokr showing fissures supplying geyser tubes (after Campbell). 

top, which, shortening the column, brings the layer B to the posi- 
tion C, where its temperature is above the boiling point of C, 
wherefore steam is formed at this point and a further lifting and 
relief of pressure ensues followed by an eruption. 

In illustration of this theory a model geyser is easily constructed 
of a glass tube of an inch or so in diameter and several feet long. 
When this tube is closed at one end, filled with water and placed 
upright we have all the mechanism necessary to produce all the 
phenomena of a geyser. By heating the water at the bottom by 
the introduction of steam (or with a spirit lamp), we can produce 
eruptions whose period will depend upon the intensity of the heat. 
At first the bubbles of steam collapse in the cool waters at the 
bottom of the tube, but as the temperature rises the bubbles rise 
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part way up the tube and heat the lower part of the column to a 
high temperature while the water near the surface is still cool. 
Eventually the water at the bottom reaches the pressure boiling 
point, when steam is formed, lifting the water above it and causing 
an overflow at the top. This overflow or its equivalent, the filling 
of a shallow basin at the top of the tube, relieves the pressure and 
all that part of the column whose temperature was previously 
below the boiling point but now exceeds it, flies into steam and 
ejects the water above with great violence. The glass walls of our 
geyser tube permit us to watch the gradual heating of the water 
by means of thermometers suspended in the tube, the ascent and 
collapse of steam bubbles, the overflow and abortive attempts to 
erupt and the final ejection of the water from the tube. 

Where the tube is surrounded at the top by a basin no actual 
overflow need occur. Indeed there is in the Yellowstone a minia- 
ture geyser, aptly named the Model, with a tube but two inches in 
diameter, surrounded by a shallow, saucer-like basin, which has 
eruptions about every fifteen minutes of 3 feet to 5 feet in height 
in which scarcely a drop of water is wasted, but flows back into 
the tube after the eruption. During the interval between eruptions 
no water can be seen in the tube, whose basin and upper part are 
dry and cool. The first signal of the coming display is a quiet 
welling up of the water in the tube filling the little basin, which 
being relatively large and shallow relieves the water column of a 
considerable height. During the eruption which follows the spray 
is chilled by the air, falling back into the basin ; at the end of the 
display the water is quickly sucked back into the tube and reheated 
for the ensuing eruption. 

At first thought the constant boiling of the waters in the tube 
of Strokr, Old Faithful and many other geysers seems to oppose 
the theory which we have just given. Observations show, how- 
ever, that in many cases the boiling is confined to the surface and 
deep temperatures do not reach the boiling point corresponding 
to the depth. It is quite likely also that in some cases a lesser 
and independent supply of heat may connect with the upper part 
of a geyser tube; Strokr, we know, has two vents (see figure), one 
of which is the geyser tube, the funnel-like throat of Strokr being 
really but a nozzle to the geyser. 

It is unnecessary to describe the numerous other theories of 
geyser action ; they all suppose caverns or systems of chambers 
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and tubes, of definite arrangement, a supposition most unlikely to 
occur in many cases, and made unnecessary by Bunsen's theory. 
Local expansions and irregularities of the tube do exist, and to 
them we owe many of the individual peculiarities of geysers, but 
such chambers do not form a vital, essential part of the geyser 
mechanism. 

In an excellent resume of the various theories of geyser action, 
Dr. A. C. Peale states that he believes no one theory is adequate 
to explain all the phenomena of geyser action, though Bunsen's 
theory comes nearest to it* 

I believe, however, that Bunsen's theory is a perfect explana- 
tion if we but admit that the geyser tube may be neither straight 
nor regular, but of any shape or size, and probably differing very 
much for each vent. The shape of the bowl or basin exercises 
but little influence upon the eruption. 

Origin of Geysers. 

It should be noted that Bunsen's theory of geyser action is quite 
independent of his theory of geyser formation. The building up 
of a siliceous tube by the evaporation of the waters at the margin 
of a hot spring, is a process which may be seen in operation in any 
of the geyser regions of the world ; but it is not a necessary pre- 
lude to the formation of a geyser, for a simple fissure in the rock 
answers equally well, as is shown at the Norris geyser basin in the 
Yellowstone Park. 

The life history of a geyser varies, of course, for each one, but 
observations show that the following sequence of events often takes 
place. The hot vapors rising from unknown depths penetrate the 
rocks along planes of fracture and shrinking cracks, decomposing 
and softening the rock until the pressure of the steam and water 
is sufficient to force an opening to the surface. If this opening 
affords an easier exit for waters issuing at a higher level the fissure 
is probably opened with a violent ejection of mud and debris ; 
more often the process is a gradual one, accompanying the slow 
eating away of the rock walls along the fissure. The flowing 
waters slowly clear out the fissure, forming a tube that permits the 
freer escape of hot water and steam, while at the same time the 
waters change from a thick mud to a more or less clear fluid. The 

* Twelfth Ann. Rept. U. S. Geol. and Gcog. Survey Territories^ vol. ii., p. 422. 
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spring, at first a simple boiling mud-hole, is now an intermittently 
boiling spring, which soon develops true geyser action. If the 
opening of the fissure afforded a new outlet for the waters of some 
already existing geyser, these changes take place rapidly, and erup- 
tions begin as soon as the pipe is sufficiently cleared to hold enough 
water. The bare rock about the vent or fissure is soon whitened 
by silica deposited by the hot waters. This sinter may form a 
mound about the expanded tube or basin, or, if the vent be small 
and spray is frequently ejected, it builds up the curious geyser 
cones so prominent in the Yellowstone. In certain cases the build- 
ing up of these deposits may partially choke the geyser's throat, 
and cause a diminution of the geyser's energy, whose forces seek 
an easier outlet. In other cases the eating out of new subterranean 
water-ways deprives the geyser of its supply of heat, and the vent 
becomes either a tranquil laug or wholly extinct, while the pearly 
geyserite forming its cone disintegrates and crumbles into fineshaly 
debris, resembling comminuted oyster-shells. Thus there is a slow 
but continual change in progress at the geyser basins, in which 
old springs become extinct and new ones come into being and 
activity. 

With few exceptions, where the vents are very new, geysers 
spout from basins or from cones of white siliceous sinter, or gey- 
serite^ deposited about the vent by the hot waters. Such deposits 
are formed very slowly, one twentieth of an inch a year being an 
average rate of growth for the deposit formed by evaporation alone. 
These deposits of sinter are, therefore, an index to the age of the 
geyser. In many cases these sinter cones are very odd fantastic 
structures of great beauty while wet by the geyser spray, but 
becoming white, opaque and chalk-like upon drying. Where the 
spattered drops fall in a fine spray the deposit is pearly, and the 
surface very finely spicular. If the spray be coarse the rods are 
stouter and capped by pearly heads of lustrous brilliancy. Thus 
the cone is not only a measure of a geyser's age and activity, but 
it tells, in a way, the nature of the eruption. 

Artificial Production of Geyser Eruptions. 

Eruptions of Strokr have, for many years, been provoked by 
artificial means. The funnel-shaped geyser throat makes it an 
easy matter to plug it with a barrowful of turf cut in the adjacent 
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marsh. This acts as a cover, confining the steam, which finally 
overcomes the resistance and produces an eruption. Travellers 
have also attempted to hasten the eruptions of geysers by throw- 
ing blocks of sinter down the tube, but it is evident that such 
measures can only succeed when the forces of heat and pressure 
are in a very delicate equilibrium. 

In the Yellowstone geyser basins it has been found that geyser 
eruptions may be hastened or even caused in simple boiling springs 
by the use of soap or of lye. The discovery of this extraordinary 
fact was made in a very curious way. A Chinaman was engaged 
by the hotel company to wash the soiled linen ; thinking to utilize 
the abundance of hot water provided by nature, a rude canvas 
building was put up over a small, circular, boiling spring near the 
edge of the Firehole river. In this spring the partly cleansed and 
soaped clothes were put to boil, suspended in a wicker-basket. All 
went well until the Chinaman left his bar of soap with the clothes, 
when the spring suddenly threw out basket, clothes and hot water, 
wrecking the shanty and starting the Chinaman on a run from a 
place that was too near the infernal regions for comfort. This 
eruption, and the observed effect of soap in increasing the ebulli- 
tion of boiling springs, led to the use of soap to produce eruptions 
of this boiling but not spouting spring, thenceforth known as the 
Chinaman. 

The success attending the use of soap in this instance suggested 
to a photographer, F. Jay Haynes, the use of soap, or its equiva- 
lent, lye, to hasten eruptions of those geysers of which he desired 
to obtain photographs, and led to experiments by the Geological 
Survey showing that eruptions can be produced in many cases of 
geysers, which have been most capricious in their exhibitions, or 
have been inactive for weeks or even months. The conditions 
essential to the successful use of soap or lye for this purpose seem 
to be that the geyser-tube be small, and the water near its boiling- 
point, if not actually boiling at the surface. Many of the bowls 
in the Yellowstone possess a temperature at their surface exceed- 
ing the theoretical boiling-point for the altitude by one or two 
degrees. This apparently anomalous fact is not due to the mineral 
matter held in solution by the hot waters, for the analyses show 
that amount to be too small to have any appreciable effect, but it 
is explained by the waters being free from air, it being well known 
to physicists that water freed from air has an increased boiling- 
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point, because of the greater cohesion of the particles. The effect 
of the soap is to increase the viscosity of the water, the consequent 
explosive liberation of steam producing an eruption. 

Variations in Geyser Periods. 

Many geysers are easily mistaken for simple hot or boiling 
springs, since during the long intervals between eruptions they 
present no indications of their true nature. 

The interval between eruptions is manifestly dependent upon 
the two factors of heat and water supply, — variations in either or 
in both affecting the geyser period. It rarely happens that these 
factors are so constant that the geyser has a definite period. Even 
in the case of Old Faithful, the most reliable of all geysers, there 
are very considerable variations in the period, though the average 
is always constant from day to day. 

It sometimes happens that a slight change in the conditions — a 
lessened amount of heat, or increased amount of water — will cause 
a cessation of a geyser's eruptions for a long period. This has 
happened in New Zealand, where the Waikite geyser near Lake 
Rotorua, inactive for many years, suddenly exploded, scattering 
blocks of sinter and scalding several Maoris who happened to be 
near by. The Excelsior, undoubtedly the largest geyser of the 
world, was not seen in action until 1878, continuing its periodic 
eruptions till 1882, when it ceased, and did not play again until 
1888. Last summer it was again inactive, though the water boiled 
furiously, bulging up several feet in the centre of the great cauldron. 

Observations made in New Zealand have led to the belief that 
the eruptions of certain geysers were influenced by the barometric 
pressure, and it is said that certain geysers are only active during 
the prevalence of a northwest wind. Observations in the Yellow- 
stone show no such correspondence. As a rule, the water-surface 
exposed is small, and the effect of temperature and pressure would 
be scarcely appreciable, yet theoretically it is quite probable that, 
when the forces in a geyser are in a delicate equilibrium, a change 
of temperature and pressure of the air would be quite sufficient to 
cause an eruption. 

Summary. 
It is believed that the facts recorded in this article show : 
I.St. That geysers occur only in volcanic regions, and in acid. 
VOL. XI.— 20 
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volcanic rocks alone. In Iceland and New Zealand the volcanic 
fires are still active. In the Yellowstone region the lavas are 
chiefly of preglacial age. 

2d. Geysers occur only along lines of drainage, on shores of 
lakes or other situations where meteoric waters would naturally 
seek the surface. Unheated waters are often found issuing in 
close proximity to geysers. 

3d. Geyser waters are meteoric waters which liave not pene- 
trated to great depths but have been heated by ascending vapors. 

4th. The supply of heat is derived from great masses of lava 
slowly cooling from a state of former incandescence, heating 
waters, which, descending to the hot rocks, ascend as highly 
heated vapors. 

5th. The intermittent spouting of geysers is due to the gradual 
heating of water accumulated in fissures or tubes in the rocks, the 
only mechanism necessary being a tube, which may or may not 
have local expansions or chambers. 

6th. Geysers may originate in several ways, though most 
commonly produced by the opening of new water-ways along 
fissure-planes of the rocks, by a gradual eating out of a tube by 
hot vapors ascending from below. 

7th. The thermal activity of geyser regions is not rapidly 
dying out. The decrease of heat is very slow, and though 
changes take place from year to year, the establishment of new 
geysers and new hot springs offsets the decay or drying up of old 
vents. 



THE WIND PROBLEM IN GUNNERY. 

By JOHN W. RUCKMAN, SECOND LIEUTENANT FIFTH ARTILLERY, 

Part I. 

During the last few years this problem has been a subject of 
great importance to the artillerist, and has received, and is still 
receiving, much attention. Formerly, the comparative inexpen- 
siveness of artiller}' firing, together with the large element of guess- 
work which professional sentiment then permitted, caused this sub- 
ject to be entirely neglected. 
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Now, however, when every discharge of a modern sea-coast gun 
costs from one hundred to one thousand dollars, we cannot afford 
to waste our ammunition, and every effort must be made to remove 
all causes which introduce inaccuracy of fire, or to make a correct- 
ing allowance for them. The wind problem having already assumed 
such importance in our work to-day, it is perfectly clear to all ob- 
serving minds that it must become more important with the in- 
creasing demand for higher efficiency. In sea-coast artillery prac- 
tice everything is tending to the adoption of such instruments and 
devices as may make firing data perfect. In future conflicts time 
must not be wasted in firing shots at random. Every projectile 
must, if pos.sible, be sent straight to the objective point. In striv- 
ing for this high standard ihe artilleryman should consider all 
causes which affect the flight of his projectile, and should use every 
effort, both scientific and practical, to remove resulting errors. 

It is now settled beyond question that the wind is one of the 
most important of these causes, and is no longer one which can 
be passed over unnoticed. Not many years ago all kinds of objec- 
tions were made to its importance, and arguments without number 
were advanced to show how unpractical it was to notice it. These 
professional opinions were almost always studiously evolved to 
save the trouble which such notice would surely require. Almost 
invariably this feeling was due to the want of a thorough under- 
standing of the advancing requirements of artillery work. Little 
by little the question has forced its importance on us, and now 
many who at first opposed such refinements, are among their most 
ardent advocates. It is no longer a quantity which can be neglected, 
but a strong deviating agency whose effects must be eliminated. 
It is a live problem, whose solution is vital, and with which we 
must struggle until we have mastered it. 

It is well known that the infantryman, before firing, carefully 
observes the wind s direction and intensity, and makes with the 
sight what, in his judgment, is the correct allowance. It is also 
well known that the more care he shows, the more knowledge of 
the subject he possesses, and the more experience he has gained 
the better his marksmanship becomes. With time and perseverance 
it is almost perfect. 

When he has acquired this proficiency, to him the problem is 
practically solved, and he finds the application of his knowledge 
both easy and practicable. He can do nothing without it. As a 
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result of his care, he feels himself master of his weapon ; is able 
to do deadly work at long ranges, and knows that if in battle he 
sees an enemy, he can hit him. This wind knowledge is all-im- 
portant to him, for ignorant of the effect of this element, steadiness 
of nerve and keenness of eye avail him little. 

But if it be so important in small-arm firing, is it not vastly more 
so in artillery practice? If the infantryman's reward is great, may 
not the artillerist's be greater ? A single well-aimed shot from his 
iron monster may be the fatal messenger that will snatch victory 
from defeat, and who may presume to foretell the stake that may 
hang upon the issue? 

To him the application of corrections for wind effect is not only 
more important, but with proper apparatus may become more simple 
and certain. Nothing need be left to the judgment of gunners and 
cannoneers. The wind's velocity and direction can, with simple 
devices, be automatically transmitted and recorded at the firing 
station upon a diagram, showing constantly its lateral and longi- 
tudinal components. Tables prepared beforehand, either from 
theory or experiments, will show exactly what the corresponding 
allowance should be ; these allowances can be made in aiming. In 
such a system everything will be reduced to positive facts. No 
judgment; no want of steadiness in holding; no little personal 
errors which cannot be eliminated. It will simply be so many 
yards for lateral and so many yards for longitudinal effect. All 
observations will be made by automatic machines, and all compu- 
tations be made beforehand. It is not claimed by this that we can 
reach perfection, but an increase of knowledge of this and kindred 
subjects will increase the number of hits manifold. 

That the lateral deviating effect of a high wind upon a projectile 
is enormous, is witnessed upon every practice range; and that the 
same effect in a moderate wind is sufficient to vitiate the most per- 
fect aim, is well known. The longitudinal effect, though less easily 
seen, is not less important. 

If proof of these statements were necessary, no better could be 
required than the fact that so many professional men have worked 
on the subject. 

We know that the moving air, in some manner, affects or acts 
upon the moving projectile, so as to cause it to travel with the 
wind from the plane of fire. 

Many authorities have discussed and investigated this part of 
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the subject. In dealing with it some have restricted themselves to 
theoretical considerations, and upon various assumptions have 
founded their formulas. Others, turning their attention to the 
practical side of the problem, have endeavored to obtain sufficient 
data for firing tables. 

None within the writer's knowledge have thoroughly combined 
these two methods, which in all matters of investigation are so 
essential to each other, and from which combination only, the best 
results can be obtained. In the first we have explanations and no 
facts, and thus we are unable to determine whether they be correct 
or not. In the second we have facts without explanations, and 
those do not aid us greatly in deducing general rules. 

Notwithstanding the above, the interest and work devoted at 
present to this problem indicate that it will soon be satisfactorily 
solved, if not solved already. In attempting the solution practi- 
cally, the difficulties met are almost insurmountable. The want of 
adaptability of what few instruments can be obtained for the ex- 
periments ; the difficulty of placing them where they will give re- 
liable results; and the many other discordant considerations make 
the problem almost impossible of solution in this manner. The 
coefficients which have already been obtained in this way, though 
of great value when the conditions under which they were deter- 
mined once more exist, are too few in number, and probably not 
accurately enough taken to illustrate the exact laws. In order to 
obtain the necessary data an independent series of experiments 
must be had for each gun in the service, and under all the different 
conditions of fire. In this manner the solution of the problem 
would be well-nigh impossible. 

The laws of deviation, or rather the law of generation of the 
deviating force, if once discovered and expressed in analytical 
form, could soon be verified with reasonable accuracy by experi- 
ment. However, so long as the observed deviations do not agree 
with the theoretical ones, we can come to but one conclusion — 
that the theory is not the correct one. 

The motions, actions and reactions of the air particles, on and 
near the projectile in flight when a cross wind is blowing, have 
engaged the attention of some investigators. It would seem that 
these motions amongst the air particles can hardly, in the present 
state of science, be definitely determined. It may be added that 
such knowledge, if once ascertained, might be superfluous, inas- 
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much as whatever may be the complexities of movements of the 
molecules themselves, the resultant of all these minute motions 
may be a well known mechanical effect, which, if once discovered, 
will furnish a means of solution. Such a condition of affairs, if 
established beyond doubt, would greatly simplify the question. 

Having made these introductory and explanatory remarks, the 
remaining pages of Part I. will be occupied in reviewing and dis- 
cussing some of the most important theories now advanced in ex- 
planation of this subject. Part II. will consist of a new and, as 
the writer believes, an original analytical investigation. 

Referring to Ordinajice Note, No. 191, Washington, May 9, 
1882, page 28; Report of Sea Coast Artillery Practice, Art'iWery 
School, Fort Monroe, Va., 1881, we find a record of experiments 
in wind deviation, made with the 15-in. S. B., Rodman gun. Two 
series are recorded, giving the observed mean values in each series 
for the range of 3000 yards, and mean time of flight of 10.83 
seconds. The deviation due to a one-mile wirtd blowing perpen- 
dicularly to the range is called the coefficient of deviation. From 
this record the mean coefficient determined from the first series of 
13 shots is 2.4 yards. In the second series of 12 shots we find 2,6 
yards. The mean of these two values, 2.5 yards, is taken as the 
probable value of the coefficient for the 1 5-inch solid shot under 
the given conditions. In finding this coefficient the wind's velocity 
was resolved into its rectangular components, perpendicular and 
parallel to the p^ane of fire. The former component was taken as 
the part of the wind's velocity which caused deviation from the 
plane of fire. The total deviation of each shot, divided by the in- 
tensity of the deviating component in miles per hour, gave the 
separate coefficients, and the meap of these gave the above-stated 
results. 

A most important conclusion from these experiments was that 
lateral deviation varies directly with the velocity of the deviating com- 
ponent. Thus for a deviating component of 10 miles an hour, the 
deviation for the 15-inch solid shot at 3000 yards would be 25 
yards. This rule is also found in Text-Book of Gunnery, 1887, by 
Major MacKinlay, R.A., and in Blunt's Rifle and Carbine Firing, 
and seems to be pretty generally accepted as a practical rule. 

When all the circumstances are considered, we can but conclude 
that this coefficient of 2^ (2.5) yards is not far from correct. 
When the absolutely accurate value is obtained it will probably 
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not differ materially from 2.5 yards, notwithstanding the accidental 
and unavoidable errors which may have entered in its determina- 
tion. Lieut. Zalinski says, page 17, of same report — the wind was 
probably under-estimated. Other good authorities can also be pro- 
duced to show that the anemometer used regi.4ters less than the 
true velocity. Without going into the arguments for and against 
this statement, the conclusion may reasonably be drawn that the 
correct coefficient will be less rather than greater than 2.5 yards. 

In the following discussion 2.5 yards will be used as a standard 
of comparison. There can be no doubt that it is sufficiently ac- 
curate for this purpose. 

When the wind's velocity is very low, and the consequent side 
velocity of the projectile insignificant, one authority considers the 
deviating force constant, and applies the laws of constant forces to 
compute the lateral deviation. 

For the sake of simplicity, unless otherwise stated, the wind in 
this discussion is taken as blowing uniformly with a velocity of 10 
miles an hour perpendicular to the plane of fire. 

(i.) .... P' = 0.005 Fi,.*, or /^= .00232438 f^', are the formu- 
las now generally used to express wind-pressure in terms of the 
wind's velocity. P^ is the wind's velocity in miles per hour, or in 
feet per second, according as the coefficient .005, or .00232438, 
may be used. The surface receiving the pressure is plane and 
normal to the wind's direction. P in both cases is the pressure 
in pounds upon 1 square foot. 

To apply this formula to the pressure upon a spherical projectile, 
we must first find the normal flat surface which will receive the 
same wind-pressure as the hemispherical surface of the projectile 
exposed to the wind. This may be done by a simple integration. 

In the figure, ABNY\%2i horizontal great circle of a spherical 
projectile, against which the wind is blowing, as indicated by the 
arrows. Let O be any point on the windward hemisphere ; XO 
A C,a. great circle through O and perpendicular to A B N Y. B 
YC, is a. great circle passing through O 5,, the direction of the 
pressure at O, OB X/is di right-angled spherical triangle, right 
angle at X, S,0C=0CB = 4>; XO = A ; XB = ; MO is 
tangent to YOB at 0; (95, = the wind-pressure upon the ele- 
mentary surface or point O. S = the entire spherical surface. 
OSi is resolved into two components, one radial, the other tangen- 
tial. OSi = PdS, and the radial component OIC= f cos i^dS. 
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The component of O/T along OS, or OD = OK cos ^ = /^ cos^^dS, 
the deviating force acting on the elementary surface dS. P being 
the same as described above, and cos^ ^dS \}[it, normal surface receiv- 
ing a deviating pressure equal to dS, In the right-angled triangle 
OXB we have cos -^^^cos t^ cos 6^ and cos^ = cos"^ A cos* 0. On 
the surface of the sphere dS = d £^ d : substituting these in the 
expression for OD we have (2.) OD = P cos"* A cos^ d £\ do. In- 
tegrating this expression between the proper limits to include the 

hemispherical surface, we have forthe integral -PI ^ I ^ co^ l^ 
co^ d l:^ dO = P^ tt'^R'* when R^ is expressed in feet. 

When R' is given in inches we have for the entire deviating 

P 
pressure — - t^R'^. 
576 

Weisbach, Mechanics, vol. i., p. 103 1, in discussing the motion ol 



Fig. I. 



Yrv 




a spherical projectile in air, estimates the increase of volume due 
to adherence of the atmosphere at .6. Though this increase seems 
large, and may justly be challenged in the case where the projec- 
tile is moving with a velocity of I/OD feet, this condition is intro- 
duced in order that the surface exposed to the wind may not be 
taken too small. Denoting, then, the radius of this new sphere 
by R (in inches), and writing R»=i.6/?'»= i,6 (7.435)'; R = 
8.696 in. 

Under this supposition the normal surface, upon which the wind 
is supposed to blow, is found to be 1.3 square feet. The area of a 
great circle of the projectile, without increase, is 1.24 square feet. 
The surface and the deviating pressure which are adopted in this 
discussion are therefore both taken greater than they would really 
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be were the exposed surface flat. This, then, gives a margin cer- 
tainly large enough, and will make all quantities dependent upon 
it surely as great, if not greater, than they really are. 

From P = 0.005 ^» WG fi"^ ^ = 0.005 for a one-mile wind ; 
and on 1.3 square feet a deviating force of 0.0065 of a pound. 

This force being considered constant the deviation for any time 

/ can be easily computed. 

F p 
(3.) "T> ' ~ = -^ expresses the relation between the constant 

force F, the time /, and the space s, M is the mass of the pro- 
jectile. 

P ^ 
For another constant force and the same time (4.) -— • - = j'. 

^ ^ M 2 

F s 
Dividing (3.) by (4.), member by member, -— = — ,» or the spaces 

in the same time are directly proportional to the forces acting. 

F fi 

Computing from — • - = j, the value of ^ for /:= 10.83 sec- 
onds would be J = 0.02697 feet, the deviation for 3000 yards and 
a one-mile wind. 

Since we are now considering the wind force constant during 
the whole flighf of the projectile and have found the deviation for 
a one-mile wind, the deviations for other winds under the same 
circumstances are easily calculated. The spaces varying directly 
with the forces, and the forces for different winds varying with the 
squares of their velocities — the deviations for the i, 2, 3, 4. 5, 6, 
7, 8, 9, and lo-mile winds will be found directly by multiplying 
the space fpr a one-mile wind by the squares of these numbers 
respectively. From this it is seen that when the wind force is 
considered constant, the deviations vary directly with the square 
of the wind's velocity. 

Taking 0.027 feet as' the deviation for a mile wind, the devia- 
tions for winds up to ten miles will be found tabulated a little 
later on. 

However, the supposition that the wind force is constant in light 
winds, though nearly correct, is not quite so, and the values com- 
puted by the laws of constant forces are too large. For, in fact, 
when the wind's force begins to act the projectile yields to it, and 
gradually takes up a velocity in the same direction as the wind. 
This velocity diminishes the relative velocity of impingement of 
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the air particles at successive moments, and consequently the 
deviating force: therefore instead of a constant we find a gradu- 
ally decreasing variable force. 

Now. in order to learn what deviation the wind will produce in 
the above example it becomes necessary to obtain it by the appli- 
cation of variable forces. 

Assume the following notation: 

Ai '-= , value of equivalent normal surface. 

/ = the time the force acts upon the projectile. 

s = the space of deviation, in feet. 

Fj = velocity of projectile, in feet, perpendicular to plane of fire. 

P= entire wind pressure acting on the projectile to carry it 
away from the plane of ^re. 

V„= velocity of wind, in feet, per second. 

/" = 0.00232438 VI same as given above. 

(5.) A,P' = P=A, (.00232438 K). 

Since in this case the air particles do not strike the projectile 
with the full velocity of the wind, but with the difference between 
that of the wind and that of the projectile's side velocity, V^ — F, 

must be substituted in (5.) for V^ , V^ will then be equal to ~i~\ 
and r^- V^= V„ — — -• Substituting this in (5.) for FL, this equa- 

tion becomes P= A^ F =z A^ (.00232438) {V„ —\ 

(6.) Pr= M-^il, (Bartlett's Analytical Mechanics), gives the rela- 
tion between the force, mass and acceleration. Placing A = A, 
(.00232438) and substituting A {V„ — ^f for P in (6) we have 
A (Vy, — J^)2 = M. |i. Expanding and dividing through by A we 
have 

Vw — 2 V^'ai + <u* = A *" 
To integrate this equation put dt =A and <*? = dX Substituting 
and transposing dt=i—rjjj —j. 

(7.) InKgrati..B,; = ^p;^j-^_. 
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Integrating by rational fractions we have 

<9-) • • • • ^ = Z(f5^)+-^-'°^-(^--^^ + ^' 

Combining (7.) and (9.), eliminating p and finding the value of 
C we have 

The logarithm must be taken in the Naperian system. 

Adapting the equation to the common system of logarithms, 

, , .. , M,M^ M 

(10.) . .= /F. + ^log^-^-^;^; 

Ml — being equal to 2.302585. 

This equation gives the relation between the deviation due to 
wind-pressure and the time of flight of the body. 

If the ranges corresponding to different times of flight be laid 
off on the horizontal projection of the line of fire and the values 
of s corresponding to t be used as ordinates, the curve traced 
through their extremities will show the deviation for any range. 
s can always be found when / and the constants in (10.) are 
known. 

The deviations computed from (10.) for values of Vy, from one 
to ten miles per hour will be found in the accompanying table 
with the deviations computed for constant forces for the same 
values of V^, In the last two columns are the corresponding ob- 
served deviations in feet, and their ratios to the theoretical devia- 
tions computed from equation (10.). 
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On examining the preceding table it will be observed that the 
corresponding numbers in columns (4) and (5) do not materially 
differ from each other. The following remarks made upon the 
values in column (5) and the law under which they are deduced 
will therefore apply to column (4). 

It is clear that the values in (5) though uniformly a little less 
than in (4). vary almost directly with the square of the wind's 
velocity. Any one can be found without great error by multiply- 
ing the square of the corresponding velocity by 0.0254 (= s for 
one mile). Thus 4^ X .0254 = 0.4064, which differs by less than 
0.02 from 0.4248 of the table. 

The deduction from the above facts is that wind-pressure as a 
deviating force, whether constant or variable, produces deviations 
practically proportional to the square of the wind's velocity. All 
experience, both with small arms and heavy guns, disproves this 
conclusion. 

Let us now compare the theoretical and observed values. In 
column (5) we find the extremes in the table for one and ten-raile 
winds, 0.0254 and 2.63 feet, respectively; in column (6) of ob- 
served distances, 7.5 and 75. The corresponding ratios of the 
former to the latter are given in the last column. For the one> 
mile wind the observed is 295.3 times the theoretical; for the ten- 
mile wind, 28.4 times. The ratios in the la.st column show the 
enormous contrast between the theoretical and the observed devia- 
tions. The ratios assume that 2.5 yards previously mentioned is 
correct. Even admitting this coefficient to be in error by one 
hundred per cent, the remarkable disagreement still remains. 
Supposing the coefficient to be double its true value the extreme 
ratios in the table would be 148 and 14. This great discrepancy 
between the preceding theories and what are known to be cor- 
rect observed values, at least within the margin just mentioned, 
is an unanswerable argument against those methods of treating 
the subject of wind-pressure as a deviating force. 

But let us go a little further. The above theoretical deviations 
were computed on the supposition that the time of flight was 
10.83 seconds. The time of flight for an initial velocity of 1700 
feet is about 8 seconds for the same range (3000 yds.). In this 
case the theoretical deviations will be a little more than half those 
given in the above table. Thus by this theory it will be seen 
that, for a ten-mile wind blowing directly across the range, the 
theoretical deviation for 8 seconds' time of flight (and 3000 yds. 
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range) is insignificant and could be neglected. This conclusion is 
known to be incorrect, aftd is disproved by ail experience with the 
lyin, S. B. gun. 

Having found the spaces which the 15- inch solid shot will be 
moved aside by wind-pressure, let us determine the constant 
forces which, acting for the same time, will produce the observed 
deviations given above in column (6). Taking the wind-pressures 
just as they were used above we have 0.0065 and 0.65 pounds for 
a one and a ten-mile wind, respectively. The spaces that these 
respective forces, considered constant, move the projectile in 10.83 
seconds were found to be 0.027 and 2.7 feet. The force of gravity 
would move the projectile, if free to fall, over 1886 feet. The 
following simple proportion gives the value of the force in pounds 
that will move the projectile over 7.5 feet, viz.: 1886 : 7.5 : : 453.2 
(weight of shot): 1.802 pounds, the force required to produce the 
deviation observed in a mile wind. Eighteen pounds will be re- 
quired to deviate the projectile 75 feet. 

From this it is obvious that wind pressures have been made to 
do impossibilities, A projectile of same density as the air and of 
the size of the 15-inch shot, if thrown vertically into the moving 
atmosphere, and having the wind's velocity impressed on it in- 
stantly, will pass over 158.84 feet in 10.83 seconds (distance due 
to a ten-mile wind). Therefore, it is not reasonable to suppose 
that the same cause will move a projectile 5397 times as heavy 
and dense over half that distance. We would scarcely expect to 
see this projectile falling freely for 10.83 seconds in a ten-mile wind, 
strike 75 feet to leeward of a plumb-line through its starting 
point. 

Equation (10.) was deduced by the writer about two years ago. 

under the mistaken belief that it was a solution to the problem. 

Some time after, in looking through Ordnance Notes 191, of 

1882, he came upon tlie following formula deduced years before 

by Col. Maitland, R. A. : 

Txr . r^. ^ , /. 002x2 Ax"^ AgW sin Dt , \ 

s= WsinDt o-yT ^ogc ( ^-^ - ^ [• I.) 

0.00232438 Ag *^* \ w ' / 

The deduction of this formula is essentially that given above in 

obtaining equation (10.), and the formula is the same, excepting 

the difference in notation. In deducing equation (10.) the wind 

was assumed perpendicular to the plane of fire, and no resolution 

of velocities was necessary. In the above formula of Maitland, 

W sin D is the perpendicular component of wind's velocity, W. 
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The present writer not being able to obtain Col. Maitland's origi- 
nal demonstration and formula, will make only a few remarks on 
the demonstration and formula just quoted, assuming that they 
have been copied correctly. 

In the beginning of the demonstration we find/"=-<4 [IVsin D — 
V^ : W^ being the velocity of the wind and D the angle it makes 
with the plane of fire. V^ is the side velocity of the projectile. 
" A'' is a constant quantity depending upon the nature of the 
projectile, and in no way affects the following remarks. "/"** is 
called the side pressure acting on the projectile. 

Now, even assuming that wind-pressure is the deviating force 
with which we are concerned, the above equation giving the value 
of/ is incorrect. For it must be remembered that wind-pressure 
and not wind- velocity is the agent which will cause the projectile 
to deviate. Therefore, the pressure and not the velocity must be 
resolved, and the deviating component of the force is /^= 0.005 
W^ sin D and not 0.005 W^ sitf D. So much for the pressure 
while the projectile is at rest. 

However, at the start, the moving projectile will deviate under 
the action of P= 0.005 ^^ ^^^ ^• 

The moment the projectile is moving deviation begins, and its 
side motion is not directly away from the force, the perpendicular 
component of which gives the side motion, but more or less ob- 
lique to it. The expression for/" should therefore be of the form 
A {IV diz V'f sin D; in which V is the projectile's velocity or 
component velocity into or away from the wind. In no case will 
V be the side velocity of the projectile. This latter velocity will 
be that developed by the force A (fF± V^f sin D. 

This, however, is extending a discussion which is unprofitable, 
for it is already clearly shown that wind-pressure is wholly incom- 
mensurate with the force necessary to produce observed results. 

There is another theory sometimes advanced, which, for sim- 
plicity, may be called the *' comet theory.'* In this the projectile 
is regarded as a kind of nucleus to which a large quantity of air 
adheres. The projectile, forcing this immense body of air in ad- 
vance of it, is supposed to furnish a large area upon which wind- 
pressure takes effect. The volume in front and around the nucleus 
is assumed to be enormous, and the increased surface receiving 
the wind's force upon it causes the projectile to drift to leeward. 

If the air becomes heaped up in advance of the projectile, as is 
assumed, will not this column of air constantly drift to leeward 
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faster than the projectile, leaving this to drift continually against a 
denser bank on that side than on the other, and so cause the pro- 
jectile to drift into rather than from the wind ? 

Changing the surface pressed does not alter the laws under 
which pressures and deviations are produced. Increase in the 
surface pressed increases the pressures and deviations in direct 
ratio, but leaves both to vary as before with the square of the 
wind's velocity. The numbers in columns (4) and (5) of the pre- 
ceding table will be multiplied by the same factor as the surface 
or pressure, but will still be computed by the same laws and in 
the same manner. 

Going back to the table we see that the theoretical deviation 
for a one-mile wind must be multiplied by 295.3 to be equal to the 
observed value; for a ten-mile wind the theoretical must only be 
multiplied by 28.4. According to this theory the surface of the 
air column in advance would have to be more than ten times as 
great for a one-mile wind as for a ten-mile wind. This is extremely 
improbable. 

The above discussions comprehend the principal forms of the 
wind-pressure theory for explaining deviation of projectiles. 

In these discussions, where the most liberal allowance was made 
for pressure, it will be observed that two facts stand distinctly 
proved. 

First. That wind-pressure is wholly insufficient to account for 
deviations which are the well-established result of long experi- 
ence. 

Second. That such insignificant deviations as wind-pressure does 
produce, follow an entirely different law from that generally ac- 
cepted as a rule of practice. 

With the above array of evidence against it, the general assump- 
tion that wind-pressure is a great deviating cause, will have to be 
abandoned. Theories based upon it do not stand mathematical 
tests nor those of practice, and in view of what has already been 
proved, it may be set down as certain that wind-pressure does not 
produce the effect generally ascribed to it, and that the rapid turn- 
ing away of a projectile from the plane of fire must be explained 
in some other manner. Theories which do not come nearer the 
mark than those just described cannot lay claim to the true solu- 
tion, and in seeking the law which governs this important pro- 
blem, the structure must be founded on some other basis. 

(To be continued.) 
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TURNOUTS. 

By T. J. BRE^ETON. 

It is generally assumed that the turnout rail is tangent to the 
stock rail at the point of switch and the distance from point of frog 









_j/'f!^i^ ^ftnnn yyvgr liim 




Tu^N'Our mr// u/imes or p/^/rr^ 

F/G. 3. 

to point of switch is then deduced thus : Let -Fbe the angle of a 
frog whose number is N, 




r/^ ^ 



In Fig. 4 let AC=a and BD= b. 

Then since N is the ratio of a to ^ we have 

2 n:=zcotl^ F or tan l4 E= — - 




•« 
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L!et c be point of frog — draw cb, making the angle cbd = F, draw 
the curve ac tangent to ad and also to bcy draw ac from point of 
switch to point of frog and since this is the chord of an arc tangent 
to ad at a and be at c, the angle cab = ]4 F — let / be the desired 
" lead " or distance from point of frog to point of switch and 

g=: dc 1= ad and we have tan. ^ ^^^ ,' '== 2gn, 

We may also from same figure deduce R radius of lead rail, 
R = 2gf^ ^= In (2). 

Let L be length of switch rail. From point where turnout is tan- 
gent to main rail, draw a line perpendicular to line through heel 
of switch, let / be the length of this f)erpendicular. We have then 
the diameter 2R so divided that " Z," the length of the switch, is 
the mean proportional between the two segments / and 2R — /, 
/ .being the dist. from gauge of stock rail to gauge at heel of 
switch. 

L~ 2Kt ' • • • ^^^' 

D = zRt — /', f being very small compared to 2Rt may be ne- 
glected, and we have 

L = f2A/, combining with Eq. 2. 

L = 2n \gt^ and for ^ = 4.75 ft. 

/== 51^'' =0.458 ft. 
\gt = 1.47 and Z = 2.94 «. . (4). 



^ 



This method is accurate where stub switches are used and 
where we can use switches of the length given by Eq. 4. 

However stub switches are not regarded as good practice, and 
are superseded by the point switch shown in Fig. 2. 

For the sake of uniformity it is desirable to have all the switches 
used on any road the same length, so as to prevent the necessity 
of carrying a large stock of switches of different lengths to renew 
broken and worn-out points. 

Frogs, for the same reason, should be of as few different num- 
bers as possible and should be of same lengths from point to heel 
and point to toe. 

Point switches as usually made are 18 feet long. Switches 10 
feet long are also extensively used in yards where economy of 
VOL. XI. — 21 
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space is desirable. Taking these values for L in the previous dis- 
cussion we arrive at the values of «, which correspond. 
For Z = i8' we have 2.94 « = 18. 

n= 6 nearly. 
For L= 10' we have 2.94 « = 10. 

^ = y/2 nearly. 
Now a No. 6 frog is of too obtuse an angle for all uses, and a 
No. 3^ frog is never made unless specially ordered and could 
only be used to a very limited extent. 



y^/ir. 2, 




18' POINT 5Y^)rCH d^'^Thr^ 

The principal numbers of frogs are Nos. 8, 10 and 15 for general 
road use and No. 6 for yard use, and occasionally No. 4 for sid- 
ings where it is necessary to turn out with a very short radius. 

We must then modify our formula /= 2gn to suit these condi- 
tions, as it is plainly only applicable to a No. 6 frog with 18 feet 
point switches. 

8' ^. '^ -. 




^Tjrr /f/?/L roHso r/?o&. 
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This formula is again at fault in assuming that the curve is con- 
tinued all the way to the point of frog, whereas the most approved 
pattern of frog is 15 feet long and is straight. See Fig. I. 




I 



V 



X'^-- 






Referring to Fig. 6 : 
Let ^ = gauge = 4.75 feet. 

d = distance between gauge h'nes at heel of switch = S}4 

in. = 0.46 ft. 
c = AB ^=y sin F for standard frogs. 
:.KE==g — rf— ^ = 4.29 — 7 sin F. . . . (5). 

And we may deduce : 

Ji = 4-2 9— 7 sin F 

2siny2{F+S)siny2(F—S) ' ' ^ ^' 
Also if L represents lead and /= length of switch and /^ = dis- 
tance from toe to point of frog L = / + (g- — d — c) cot ^ {F+ S) 

+ /,cosF, . . . (7). 

For switches and frogs as in figures this becomes : 

L.= iS + 7 cos F+ {4.29 — 7 sin F) {cot }4 F + S\ . (8). 
Since Fis never very large, for all practical purposes, we may con- 
sider its cosine unity, and formula (8) becomes : 

Z = 25 + (4.29 — 7 sin F) cot }4{F+ S), . . (9). 

and likewise for 10' point switches : 

Z = 17 + (4.29 — 7 sin F) cot y2{F -y S\ . . (10). 
As these formulae are rather unwieldy, the following empirical 
formulae, which give close results, may be used : 

For 18' switches Z=« (2^ '^ — ) . . . (11). 

4. ' 
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For lo' switches L=^n{2g —\ 

which may be depended upon to ^wt, good results. 

The following table is based upon formulae (9) and (10) : 



(12). 















Table of 


Turnouts, 


d 

1 


«; 

c 

< 


Lead by 
formula. 


Shortened 

lead to avoid 

cutting 

rails. 


Radius 

of 
turnout. 


Curvature 
of lead. 


Length of rails necessary to form lead with 


*2 « 


11 


1 


1 


% 


1 


1 


\ 


minimum cutting. 


4 
6 

8 

xo 
12 
15 


140 16- 

•fxo' 
5° 44' 
3*^49' 


58 

70 

87 
93 
117 


38 
46 

57 




38 
47 

57 


231 

457 
701 
fi88 


506 




220,/ 
11° 20' 


I 21-foot piece, cutting unavoidable, 
f lo-foot switch. I^^fo^j^., 

] lo-foot switch, I 25-foot rail, i 15-ft. piece. 
1 18 " " 2 *• rails. 
18-foot switch, 2 30-foot rails. 

2 25 " " ia7>^-footrail. 

330 " " 


55 
75 

"5 


24° 46' 

12° 35' 
gc'io' 
4° 50' 
2° 49' 








2029 









Intermediate numbers of frogs may have their leads deduced by 
interpolation. 

No. 4 frog has lead by form (i). since length of switch lo' * 
nearly corresponds to length required by theory, and the straight 
part of the frog may be made to conform to proper curve. In 
every consignment of rails a certain proportion are short rails, 25 
and 27^ feet long, which may be utilized for the above purpose, 
as well as to cause joints to break properly going around curves. 

The same leads may be used on curves also. The curve of the 
lead rail will then be: 

^±d = d' . . . . (13) 
in which A = degree of curve of main track ; ^ = degree of 
curve of turnout on straight line ; ^' = degree of curve of turn- 
out on the curve. The plus sign to be used when the turnout is 
on inside of curve, the minus sign when turnout is on outside of 
curve. 

This formula should be used to determine what frog should be 
used m such cases, so as to avoid having too sharp a curve on 
turnout, remembering that engines of the ordinary consolidation 
type will not pass around a curve of greater curvature than 24°. 

In turnouts to outside, if ^ is larger than A, ^' will have a 
minus sign, and the turnout will be of reverse curvature to that of 
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main tract; if <5 is smaller than A, ^' will have plus sign and 
curves of turnout, and main track will be in same direction, 
which is evidently an advantage. 

The Uses of Different Frogs. 

No. 4 frogs are used for individual sidings to mills, warehouses, 
etc., where very sharp curves are necessary, and can only be used 
for shifting engines of short wheel-base. 

No. 6 frogs in yards, etc., where economy of space is desirable. 

No. 8, for general road use in sidings. 

No. 10, for general road use in sidings, which engines frequently 
use, such as passing sidings, etc., and for crossovers. 

No. 12 and 15, crossovers and second and third track connec- 
tions, where trains turn out at speed. 

It is not general to give the trackman any further points than 
a stake at point of switch and one at point of frog. Such refine- 
ments as middle ordinates, etc., so extensively set forth in tables 
of turnouts, may safely be neglected. If the man who puts in the 
switch is a good trackman, he will get this curve very accurately 
by eye ; in fact, after coupling the frog and switch together, the 
rails by their own elasticity will very nearly conform to the theo- 
retical curve, and if the foreman is not a good trackman, he had 
better not be entrusted with any track work so important as put- 
ting in switches. 

Three-throw switches are used to turn out on each side of main 
track from the same switch. There are special point switches for 
this purpose — though stub switches are generally used. The three- 
throw switch has been displaced by slip switches where the 
traffic is great, and switch is used by locomotives, elsewhere the 
stub switch is still used. The side frogs may be either the same 
or different numbers ; the leads may be determined from table 
given above. 

In Fig. 7 \^t BC = e 2ind AB = g—e, OC = R, OA =R,. 

Let frog at £ have an angle F, then its number, N= }4 Cot ^ F, 



(1 l( 


"F 


«( i« t< 


^.. " 


<( 


" iVi= 


y^ 


LstBD 


= /,. 












We then have 


, according 


to Henck 


•s Field Book, § 


18. 








g — ^_ 
g 
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:, e =z g — g 1^ ^ e =g-^ equating and solving with respect 
to /, remembering that I = 2g N and /| = 2gN^, we have 

* N,'+N^ ^ ^ « ^ 1 ^^^2^^ . (2). 

Whence . = ^^f^, (3) and^-. = ^^^^, . . (4). 
Making -A^, = iV^ we have 
/, = 2gN J}^ =o.y /{i)dLnde=g — e= }4g . (6). 

Note. — The equation / = 2gn is taken for the sake of simplicity. 




From Fig. 7 calling angle AOD = ^ and angle AO'D = ^ we 
have /"g = ^ + ^ 

2A; = cot %F, = cot y,(^+0)= ^^^-sino ^ ^ ^ 

cos COS tj} ^^^ 

From the figure we have sin (p = -^and sin = 1^ substituting 
• R R^ 

their values in terms of N and N^. 
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Also 



we have sin <p — sin ==.__— J_-_ — L_^^ . 

iWV; \N,^ + iVi . . {8). 



^^7^ (// = ^^ = I 



N* 



cos e 






Whence 



^. 



2A',«(A^,'+JV') 



iV' 



cos — COS il> = ! . 

2N\N^ + N') 2N^\N^' + N') 



N* — N* 



Whence 



2jVW,' . . (9)- 



iV^,» — N^ 



2N^ ='. 



Making iV = ^, we have 2iV^, = ~ — 

. J3 . . . 

N^ = o.7N. . ; . (12). 



. (n): 




Crossing Switches. 

In Fig. 8 it is required to find the distance between the two frogs. 
Let i4C = d, AE = g. Required CD =/. 

Let /^ = frog angle, then d = AB + BC, d=/tainF+ ^ 

cosF. 

But tan F = -^7 and cos F= il making substitu- 

4N^— I 4iV^ + I ^ 



tions and reducing/= N {d — g)- 



d + g 



4N 
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As d is usually 7.417 feet and g = 4.75, 
/= 2,7 N — J.. 

This for theoretical frog points ; for frogs ^" wide at point we 
must subtract N inches. 

/ = 2.yN— 1 — (TV inches). 

/= oyAT-i ^ 31^^-36 

For convenience this formula may be taken as / = 2.55 N, — 
Which may also be used for cross-overs on curves. 



ANTHRACITE MINE SURVEYING. 

By R. van a. NORRIS, E.M. 

As the mining laws of Pennsylvania require accurate mine maps 
to be filed with the inspector of mines in each district, very exten- 
sive underground surveys are continually being made in the anthra- 
cite districts, all the larger corporations having their own corps of 
salaried engineers, and the smaller operators depending upon in- 
dependent engineers who do the work either by contract or for 
fees. 

The methods of surveying are almost as varied as the number 
of engineers. The following is the method used by the Susque- 
hanna Coal Company, Mineral Railroad and Mining Company, 
Lykens Valley Coal Company and Summit Branch Railroad Com- 
pany, corporations under the control of the Pennsylvania railroad, 
and it is believed to be as good as any other system in use. 

The corps, as it goes into the mines, consists of a transit- man, 
station-man, backsight, foresight and chain-man, with a fire-boss 
to attend to the safety of the party. The three-tripod method of 
surveying is used, but instead of tripod lamps, the wicks of which 
were found too large for accurate sighting, similar lamps are used 
with the wick replaced by a steel wire -^ of an inch in diameter 
and f of an inch high. The sights are always taken to the bottom 
of this wire, and measurements are taken on the line of sight with 
a steel taf)e 300 feet long, graduated every 5 feet. 
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When in the mine, the station-maker keeps ahead of the party, 
and puts in and numbers the instrument stations. There are three 
ways of making permanent (?) stations in the roof in vogue in the 
region. A small conical hole is sometimes drilled, and the bob 
suspended from an iron rod with a notched end fitting the cone of 
the hole. With these stations, which are used principally with 
high roofs, the point is transferred to the floor by holding a bob 
with the iron rod and placing some mark under it, usually a small 
bit of coal in the centre of a dab of white paint, the instrument 
being set up over this. This method has a greater liability to error 
than either of the others. A second method is to put a horseshoe 
nail, with a hole punched in the end, into a plug of wood driven 
into a drilled hole in the roof, and then to suspend the plumb from 
the ring, and set up the transit under the bob. A third and more 
convenient way of effecting the same thing is to drill a -^ inch 
diameter hole in the roof with a twist drill, and put a shoe-peg, 
holding a small loop of fine (No. 26) copper wire, in the hole. We 
have used this style of station largely, and find it a most satisfac- 
tory one, the wire being flexible enough to allow the bob to hang 
true; and the station, with its ring of white paint and painted 
number, being readily found and never confused with any spads 
put in by the mine bosses. 

The station-maker is supposed to be familiar with the mines and 
with the engineers* method of running, and usually places his sta- 
tions advantageously, being guided in some measure by the light 
of the fire-boss ahead of him and by the foresight's light behind. 

The foresight-man carries the forward tripod with him, and sets 
up under the station plumbing to the wire on the " lamp," then 
holds his light to give foresight to the transit-man. He then waits 
for the chain-man to come up and assists with the chaining. The 
transit-man, after taking a sight and making the proper notes, fol- 
lows the chain forward, making the sketch and taking the side 
notes. Reaching the next station, he takes the exact distance on 
the tape with his pocket- tape, measuring to a clip which has been 
put on by the foresight-man when the 300-feet tape was stretched. 
At the new station he finds his instrument, which has been removed 
fi-om its tripod and brought forward to him by the backsight-man. 
As soon as the transit-man gets a satisfactory backsight on his 
old station, he calls " move up,** and, while he is taking his angle, 
the backsight brings up the rear tripod and hands it to the chain- 
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man. He then holds the end of the tape while the chain-man goes 
forward with the reel and the tripod. By the time the angle is 
taken, the chain should be ready to stretch, the transit-man being 
responsible for the zero end and the foresight for the other. As 
soon as the chain is stretched and the distance clip put on, the fore- 
sight-man takes the tripod brought to him by the chain-man and 
the lamp from the tripod to which he has just measured, goes for- 
ward, and sets up under the next station the chain-man and back- 
sight-man, meanwhile holding the chain for the transit-man to take 
his side notes from. 

The accompanying notes, sketch and map are from regular work, 
being taken at random. In the notes, the instrument station and 
foresight station are entered thus : 1 592-1 593, the backsight being 
understood to be the previous station unless otherwise entered at 
the beginning of a survey, thus: Bs. 1287 — 1562-1563. 







9\ -xL-xx 







TU^ /. /try. 

5K'c^c'l in note booK. 



Continuous azimuth angles are run, plunging the instrument at 
each station, and the entries in the note-book consist of the vernier 
reading on a continuous graduation, 0° to 360°, and also the quad- 
rant reading or course. The compass reading is taken roughly, and 
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has been found of great service in finding errors caused by reading 
in the wrong quadrant or mistakes of even degrees. In starting, the 
vernier is set to the course of the starting stations taken from the 
note-book. The method has the disadvantages of danger of the 
plates sh'pping while the transit is being carried between stations, 
and that any error in adjustment of the instrument vitiates the 
survey ; but, on the other hand, the courses are obtained directly, 
and, as all surveys are closed, any error is seen at once in the mine 
and the line re-run. In practice, we find that a close more than 
3' out for a chain of fifteen or more stations is very rare. 
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PfoTfrorn itofm% 

ond sHpftLh 

The hatching shores fhe 
face of uiorHings from 
previous sur/fy. 

The vertical angles are read very carefully, as level is carried 
with the instrument. On this account the " lamps " were made of 
such a height that the bottom of the sight-wire is just ^ foot 
below the centre of the instrument. 

The column headed " rod '* gives the distance from the centre 
of the instrument to the station in the roof, so that the calculation 
for the level is thus : 



Elevation, 1594, . 
Rod at 1594, 

Elevation of instrument at 1594, 
Calculated vertical distance, 

Elevation of lamp at IS9S» . 
Height, instrument over lamp. 

Height, instrument at 1595, 
Rod at 1595, 

Elevation of station, 1595, . 



228.01 
2.25 

225.76 

—5.23 

220.53 
SO 

221.03 
2.05 

223.08 



In this way level is carried through the workings, being checked 
by lines run in the gangways with a level. The method is found 
to give results sometimes surprisingly accurate, to within ^ foot 
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for lines containing 50 or more stations, and a difiference of over 
one foot in the transit and level elevations is rare. 

Working in this way it is possible to attain great speed, from 40 
to 50 stations being considered merely a fair night's work. 

As many of the seams are only reached by vertical shafts, it is 
necessary to " plumb " these before starting the underground sur- 
veys ; two methods of accomplishing this have been used by the 
Susquehanna Coal Company at Nanticoke : 

1st. Two 15-lb. iron plumb-bobs are lowered, attached to No. 20 
steel wires, one on each side of the shaft, and the instrument is 
put in line with the two wires on the surface and again under- 
ground, continuing the surface line; the objections to this are the 
very short base line, as the sight has to be taken in one compart- 
ment of the shaft, the base is seldom more than 8 or 9 feet, and 
the difficulty has to be encountered of keeping the bobs in a 1000- 
foot shaft from swinging ; they can be steadied considerably by 
immersing each in a bucket of heavy oil, but at the best they will 
swing somewhat. 

This method, however, gives very accurate results if great care 
is used in aligning the transit at the bottom of the shaft, and is, 
perhaps, the preferable one. 

The other method is to hang the two wires at opposite sides of 
the outer compartments, and fix two stations under ground, and 
measure the angles and the sides of the resulting quadrilateral, 
and from these calculate the course between the stations, the 
course between the wires being obtained on the surface by put- 
ting them in line with the transit or by a method similar to 
that just outlined. The greatest objection to this method is that 
even a very small error in measurement, and it is not a very easy 
matter to measure accurately to a wire swinging in a wet shaft, 
will introduce serious error in the results. 

Recently the two systems of plumbing were compared with a 
line run from the surface down two slopes and a plane and with 
about a mile of underground traverse, and the three courses agreed 
to within a half minute, the first system of plumbing and the trav- 
erse line (which was run very carefully with an instrument read- 
ing to ten seconds) agreeing exactly. 

All gangway stations are plotted from calculated latitudes and 
departures, and the stations in the workings filled in by plotting 
with a protractor ; the outline of the workings is then filled in from 



Digitized by VjOOQIC 



334 THE QUARTERLY. 

the sketch taken in the mines. In making this sketch the transit- 
man walks along by the tape, and, taking his distances from that, 
measures at intervals to the rib at either side and to all openings 
passed ; this measurement is usually, by experienced men, done by 
the eye; at the station the distance is put on the sketch, the 
number of the station being afterwards supplied from the notes. 
In surveying the breasts, either a line is run through the head- 
ings, as was the case in the accompanying' notes and sketch, or, 
where this is impracticable, either on account of pitch of seam 
or gas, a line is run up every third breast noting all headings and 
the two intermediate breasts sketched in by measjurements through 
the headings. 

On many corps where the three tripod method is not in use, an 
extra man is employed, whose sole duty is to take the side notes 
and make the sketch. 



TABLES FOR THE RAPID DETERMINATION OF THE 

COMMON MINERALS BY "EXTERNAL SIGNS" 

AND BY THE BEHAVIOR OF THE 

MINERALS BEFORE THE 

BLOWPIPE. 

By a. J. MOSES. 

There are two general methods for the rapid determination of 
minerals, which are best typified in the methods of von Kobell* 
and Weisbach.f In both there is first a division into minerals of 
metallic lustre and minerals of non-metallic lustre, but in the one 
they are then grouped by their behavior before the blowpif)e and 
with acids, while in the other the classifying characters are the 
•* external signs " of hardness, color, streak, tenacity, etc. 

With minerals of metallic lustre and with non-metallic minerals 
of colored streak a method by external signs is much more rapid 
than a blowpipe method, and if supplemented by a little experi- 

* Tafeln zur Bestimmung der Mineralien, Munich, 1884. 

t Tabellen zur Bestimmung der Miiieralien mitUh dusserer Kennuichen, Third 
edition. Leipzig, 1886. 
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ence and by frequent reference to a descriptive text-book is equally 
safe. With the other minerals, however, which have in general vit- 
reous or sub-vitreous lustre, white or gray streaks, and often great 
diversity of color in the same species, there is needed a much more 
thorough eye-knowledge in order to satisfactorily use a method of 
" external signs," and for any one possessing even an elementary 
knowledge of blowpipe analysis, the blowpipe method is for such 
minerals just as rapid and much more safe. 

The tables which follow furnish brief classifications of the com- 
moner minerals by both methods, and it is recommended th^t 
they be used as follows : 

Minerals of Metallic or Sub-metallic Lustre, use Table I.; 

confirm, through index, by Table V. 
Minerals of Non-metallic Lustre and Colored Streak, use 

Table IL ; confirm, through index, by Tables VL or VII. 
Minerals of Non-metallic Lustre and White or Gray Streak ; 

If possessing decided taste, use Table III. 

If without taste and containing silica, use Table VII. ; con- 
firm, through index, by Tables II. and IV. 

If without taste and not containing silica, use Table VI. ; con- 
firm, through index, by Tables II. and IV. 

For accurate results these precautions must be taken : 

1. All tests are to be made upon homogeneous material, per- 
fectly crystalline; and the tests are unreliable if the material is im- 
pure, unless the effect of the impurity upon the test is known. 

2. The classifying tests must be decided, and if weak should be 
attributed either to improper manipulation, or to the presence of 
some accidental impurity. 

3. The lustre should be observed on a fresh fracture. 

4. The determination should be confirmed by reference to some 
descriptive mineralogy, and, when possible, by comparison with 
specimens of the supposed species. 

The following definitions may be needed: 
Lustre. — The kind of brilliancy of a substance. 
Metallic, — The lustre of metals. 
Sub-metallic. — The lustre of Wolframite. 
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Vitreous. — The lustre of glass. 
Resinous. — The lustre of common resin. 
Adamantine. — ^The lustre of the diamond or zircon. 
Pearly. — The lustre of mother of pearl. 
Silky. — The lustre of silk. 
Streak. — The color of the fine powder as obtained by rubbing 

the mineral on porcelain, or by filing or grinding. 
Hardness. — The resistance to abrasion. A pointed fragment of 
known hardness is drawn without much pressure across the 
surface of the mineral. If the fragment is the harder there 
will be a scratch. Convenient substances for comparison 
are (approximately) : 

I. Talc, graphite; 2. Gypsum, lead, sulphur; 3. Calcite, 
copper, bornite, 4. Fluorite, sphalerite, siderite; 5. Apa- 
tite, amphibole, pyroxene, soiithsonite ; 6. Orthoclase, 
knife steel, magnetite, pyrite ; 7. Quartz, garnet ; 8. Topaz, 
spinel; 9. Corundum; 10. Diamond. 
Tenacity may be divided as follows : 

Brittle. — The mineral separates into powder or grains under 

the knife. 
Sectile. — The mineral cuts without falling to powder, but 

the cutting pulverizes under the hammer. 
Malleable. — The mineral cuts in slices, and these may be 

hammered out flat. 
Flexible. — The mineral bends and remains bent. 
Elastic. — The mineral bends and springs back. 
Cleavage. — The tendency to break into fragments parallel to cer- 
tain planes which are related to the crystalline form of the 
species. 
Silica. — Most silicates treated in small fragments in salt of phos- 
phorus do not dissolve completely, but leave a translucent 
permanent skeleton of about the shape of the original frag 
ment. Beryl and a few others dissolve in small amounts 
(SnOj, TiO^ and AljO, dissolve very slowly, but may be 
easily distinguished from SiOj by other tests), and it is 
therefore best to check by fusing with soda, obtaining effer- 
vescence and, in certain proportions, a transparent glass. 
Fusibility. — The fragment used should be as small as can be held 
in the forceps. It is placed just at the tip of the blue 
flame, and should be examined by the glass both before 
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and after treatment. If metallic in lustre it had better be 
tested on coal and not in the forceps. 
Soda Fusion. — In making use of the reducing action of soda on 
coal, the finely powdered substance is mixed with two to 
three times its bulk of soda and treated with a strong re- 
ducing flame, until most of the soda sinks into the coal. 
There may result: coats, yellow or white; fumes, with or 
without odor; magnetic particles ; metallic globules (" but- 
tons"); and sulphide, telluride, or selcnlde of soda, which 
placed on silver and moistened with water will blacken the 
silver. 
Action OP Aclds. — ^The usual solvent is HCl. The mineral sbould 
first be touched to the tongue, and if tasteless should be 
heated gently in fine powder with the afcid. Gelatiniyation 
can only be obtained by evaporating the excess of acid. 
Eflervescence may mean tDO^, H,S, CI, H, and should only 
be called CO, when properly confirmed. 
In these tables, the numbers at the left are index numbers ; those 
at the right are the limits of hardness. The symbols I., T., O.. M., 
Tri., H., represent respectively the isometric, tetragonal, orthorhom- 
bic, monoclinic, and triclinic systems of crystallrzation. The symbol 
A. means that the mineral thus far has not been found crystallized- 
In a few cases prominent special characters are referred to in small 
type placed just below the name of the mineral. The compositions 
are given by formulae in tables V., VI., and VII., so that in the 
blowpipe determination the student may differentiate in any 
group by tests for component elements. For this work the writer 
has previously printed* a summary of useful tests with the blow- 
pipe, and also a scheme for the analysisf of compounds by the 
blowpipe. 

* This journal, Vol. XI., No. i, p. 41. 

t This journal, Vol. VIIL, No. 4, p. 359, and Vol. X., No. 4, p. 321. 
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I. MINERALS OF METALLIC OR SUB-METALLIC 

LUSTRE. 





>^ 






HARDNESS > 5. 


« 


s 


HARDNESS < 8, 


HARIWESS 3 TO 5. 


NOT 


2 
8 


u 


EASILY 8CEATCHED 8TEEAK 


EASILY SCRATCHED STREAK 


EASILY SCRATCHED 


i 


BY COPPEE. 


BY STEEL. 


1 


BY STEEL. 1 






1. PYRARGY- 


Cherry- 


4. ENARGITE, 3. 


Black. 1 


9. GOETHITE, Browo- 






RITE. 2-2.5. 


red. 


5. Tennaxtite. 3.5, 


Red- 1 


^.5. ish 






2. PYR0LU3ITE, 


Black. 1 


dodecahedral. 


dish 


'yellow. 
10. LIMONITE, Yellow- 






2-2.5. 






brown 






3. BOURNONITB. 


Gra>'tsh 




or 


5-5.5. ish 






2.5^ 


black. 




black. 


brown. 








[ie.TETRAHE- 


Red- 


11. HAUSMANN- Red- 










DRITE, 3.5-4, 


dish 


ITE. 5-5.5, 


dish 










tetrahedral. 


brown 


pvramldal. 
12. WOLFRAM- 


brown. 












or 


Brown. 












black 


ITE. 5-5.5. 












7. ALABANDITE, Black- \ 


13. MENACCAN- 


Black 










3.5-4, iHh 1 


ITE,5^. 


or red- 










1 cnbical cleavaflre. ! green. ! 




dish 










;8. MANGANITE.4,, Dark | 




brown. 










bunched crystals, brown., 


14. P8IL0ME- 


Brown- 














LANE,5-6. 


ish 
black. 














15. MAGNETITE, 


Black 














5.5-6, 


gray- 














mairnetfc. 
16. CHROMITE. 










\ 






Dark 




i 










5.5-6. 


brown. 


^ 


•-" 




1 






with serpentine. 




J 


» 




1 






17. HEMATITE. 


Red or 






1 






5.5^. red- 


ea 






j 






brlUlant. 


disb 








J 








brown. 












18. FRANKLIN- 


Brown. 








1 






ITE,5.5^. 




fi* 

o 






1 






19. OCT AH E- 


Color- 


>• 






i 






DRITE 5.5-6. 


less. 


•< 






1 






20. BROOKITE. 


Pale 


o 

0$ 












5..'>-6. brown. 












21. COLUMBITE, 6 Brown- 












i Ish 


? 












black. 


a 












22. RUTILE, 6-6.5. Pale 


>• 












brown. 












23. BRAUNITE, Brown- 


> 












6-6.5.! ish 
. black. 






24. STEPHANITE. 


Grayish 






27. URANINITE, I 






2-2.5. 


black. 






5.5. Green- 






25. POLYBASITE. 


Black. 






ish 




^* 


2-3. 








black. 




w 


26. CHALCOCITE, 


Dark 






1 




* 


2.5-3. 


gray ; 












2«.GRAPHrTE.1-2. 


Black. 












«;, 


28a. ARGENTITE. 


Dark 












l<u 


2-2.5. 


gray. 












"33 
















:s 




i 
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\.— Continued. MINERALS OF METALLIC OR SUB- 
METALLIC LUSTRE. 



« 


^ 


HABDNE88 < 8, 




HARDNESS 8 TO 5, 


HARDNESS > 5, 
NOT 




s 


S 


EASILY SCRATCHED 


STREAK 


EASILY SCRATCHED STREAK 


STREAK 


8 












EASILY SCRATCHED 







BY COPPER. 




BY STEEL. 










H 










BY STEEL. 













29. ARSENIC, 4. 


Grajrish 








ff 






black tarnish. 


black. 










30. 8TIBN1TE.2, 


Grayish 














soils paper. 


black. 














31. AlKiNiTE. 2-2.6. 


Gray. 
Grayish 












^ 


32. Jamesonitb, 










\r 


2 


2-3. 


black. 










< 
fifi 

I 


1 


33. GALENITE, 


Dark 










2^. 


gray 












easily cubical 
















cleavaf^. 




. 








s 




34. Clausthalitb, 
2.5-3. 


Grayish 
black. 















35. MOLYBDEN- 


Bluish 












1 


ITE. 1-1.5. 


gray. 












1 


green streak ou 














glazed porce- 














"3 


lain. 














S 


86. Lead. 1.5. 


Gray. 














37. BOURNONITE' 


Grayish 


38. ANTIMONY, 


Gray. 


42. LEUCOPY- 


Grayish 






2.5-3' 


black. 


8-3.5. 




1 RITE. 5-5.5.1 black. 










89. AMALGAM, 


Gray. 


48. LINNi«ITE,5.5 


Grayish 










8-8.5. 




red tarnish. 


black. 










40. ARSENIC. 4. 


Grayish 


48a. ULMANN- 


Black. 




d 






• black tarnish. 


black- 


ITE, 5-6.5. 




> 


s 






41. STANNITE, 4. 


Black. 


44. COBALTITE. 


Grayish 


t 


•c 










6.5. 


black. 





A 










,45. SMALTITE. 


Black. 


^ 












1 5.5-6. 




H 












46. ABSENOPY- 


Grayish 


I 












1 RITE, 5.5-6. 


black. 












47. IRIDOSMINE, Grayish 


a 
5 












i ^'- 


black. 




48. SYLVANITE, 


Gray. 






' 






1.5-2, 
















arborencent crystal- 












H 

Cm 




lization. 
















49. Tetradymite, 


Gray. 










^ 


1.5-2, 












:S 


soils paper. 
50. BISMUTH, 2-2.5 


Gray. 










reddiflh tarnish. 












« 




51. BISMUTHINITE, 


Grayish 










S 




2-2.5, 


black. 










a 




capillary, or mas- 














sive. 








\ 




OS 




52. Tellurium, 2.5. 


Gray. 






1 






1 


58. MERCURY, 




56. PLATINUM, 


Silver 








liquid. 




4-4.5, 


white. 








1 


54. SILVER, 2.5-3. 


Silver 


grains or nuggets. 
57. IRON, 4-5, 


Gray. 








I 




white. 


magnetic. 










a 


56. HESSITE, 2.5-3. 


Gray. 






' 
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METALLIC LUSTRE. 



1 


1 


HARDNB8B < 8, 

EASILY SCRATCHED 

BY COPPER. 


STREAK 


HARDNESS 8 tO 5, 

EASILY SCRATCHED 

BY STEEL. 


STREAK 


HARDNESS > 5, 

NOT 

EASILY SCRATCHED 

BY STEEL. 


STREAK 


s 


1 






58. MILLERITE, 
8-8.5. 


Black. 


59. PYRITE, 6-6.5. 

isometric. 

60. MARCA8ITE. 

6^.5, 
orthorbombic 


Black. 
Black. 


• 






61. CHALCOPY- 

RITE, 8.5-4, 
iridescent tarnish. 


Green- 
ish 
black. 






id 
11 


62. GOLD. 2.5-8. 


Golden 
yeUow. 










? 


1 






68. PYRRHOTITE, 
8.5-4, 
magnetic. 


Black. 


64. NIOCOLITE. 

5-5.5. 


Brown 

ish 
black. 




II 






65. B0RNITE,8. 


Black. 






11 


66. COPPER, 2.6-8. 


Copper 
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II. MINERALS OF NON-METALLIC LUSTRE, 

AND COLORED STREAK. 















HARDNESS > 5, 






1 

s 


HARDNESS < 3, 
EASILY SCRATCHED 




HARDNESS 3 TO 5, 
EASILY SCRATCHED 


11 


NOT 
EASILY SCRATCHED 


11 


ti 


^ 


BY COPPER. 


p§ 


BY 8TEEL. 


BY STEEL. 






1. MOLYBDITB 0.5, 


YeUow. 












^ 


powder or crust. 














i 


2. COPIAPITE, 

1.6, 
acid taste. 


Yellow. 














8. ORPIMENT, 


YeUow 












>* 


1.5-2. 


or 












i 




orange. 












4. AUTUNITE, 


Yellow 












p!. 


2-2.5, 


or 










1 




square plates. 


green. 










^ 




6. lODYRITE, 1-1.6. 


Yellow. 


7. VANADINITE, 


Yellow, 


9. Triplite, 5-6.5, 


Black, 








3. 


brown, 


rectangular cleav- 


brown. 




6. SULPHUR, 


Yellow, 




red. 


ages. 






1.5-2.5. 


brown. 


8. Descloizite, 


Brown, 


10. OPAL, 6.6-6.5. 


Brown, 








3.6. 






black. 






11. PHARM ACOSID- 


Yellow. 






12. RUTILE, 6-6.6. 


Red, 




^ 


ERITE, 2.5, 


brown. 








brown.' 




cubical. 








18. CASSITER- 


Brown, 




1 










ITE, 6-7. 
14. QUARTZ, 7. 


black. 












Yellow. 




> 










16. OPAL, 5.6-6.6. 


brown. 
Brown, 
black. 




• 




Red 












1 


16. MiNnjM, 2-3. 


and 
yellow. 












?;S 


17. REALGAR, 


Aurora- 


19. Greenockite, 


Honey- 






i 


11 


1.6-2. 


red. 


8-8.6. 


yellow- 






M 


18. Crocoite, 


Aurora- 




oranee. 









2.5-8. 


red, 


20.ZINaTE, 4-4.6. 








*« 3 




hya- 




brown. 








«5 




cinth- 
red. 














21. WAD, 0.5-lA 
amorphous, soils 
paper. 


Dark 






22. UMONITE, 

6^.6. 


Brown. 




a 

S 


brown. 






yellow. 
Black. 












23.P8ILOME- 


Black. 














LANE,5^. 


gray. 




K 


25. Arssniosid- 


Brown. 






26. UMONITE, 

W.6. 


Brown, 


M 




ERITE, l-2i 








yellow. 
Brown. 


« 


3 


fibrous. 








27. GOETHITE, 














5-5.5. 






^s« 






28. SPHALERITE, 


Brown, 


29. GOETHITE, 


Brown. 




:i§S 






3.54. 


black. 


5-6.5. 
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THE QUARTERLY. 
MINERALS OF NON-METALLIC LUSTRE, 

AND COLORED STREAK. 





1 


HARDNESS < 8, 
EASILY SCRATCHED 


ii 


hardness 8 to 5, 

EASILY SCmATCBSD 


§8 


hardness > 5, 
not 

EASILY scratched 


is 


& 


I-) 


BY COPPER. 


BY STEEL. 




P5 






30. ERYTHRITE. 


Bluish 


31. CUPRITE, 


Brick- 


32. HEMATITE, Dark 




s 


1^2.5. 


red. 


8.5-4. 


red. 


5.5^.5. 


red. 




s 


33. KERMESITB. 


Dark 


37. CUPRITE, 


Car- 


j 




5 


1-1.5. 


bluish 


8.5-4. 


mine, 








g 




red. 




cochi- 








§ 


34. CINNABAR, 


Scarlet, 




neal. 






s 


2-2.5. 


cochi- 










'^ 




neal. 












35. PR0U8TITE, 


Crim- 












o 


2-2.5. 


son 












n 




aurora- 












s 




red. 












C3 

1 


36. PYRARGYR- 


Darfc 












ITE, 2-2.5. 


red to 












K 




black. 












li 


38. ERYTHRITE. 


Bluish 






89. QUARTZ, 7. Brown- 




>^ 


1.5-2.5. 


red. 
Black- 








ishred. 






40. PROCHLOR- 


42. CHRYSO- 


Green. 










ITE, 1--2. 


ish 


COLLA, 8-4. 










S3 




green. 












S 


41. ANNABERG- 


Apple- 






, 






ITE, 2.^3, 


green. 














Incrusting. 
















43. PROCHLOR- 


Black- 














ITE. 1-2, 


ish 














micaceous. 


green. 
Emer- 












d 


44. TORBER- 












^ 


NITE. 2-2.5, 
square plates. 


ald- 
green. 


















45. OLIVENITE, 


Dark 














3. 


green- 
yellow- 
















ish 
















Kreen. 
Emer- 








CQ 






46. MALACHITE. 














3.54. 


ald- 
green. 






g 


OJ 


47. Bromyrite, 


Green, 


49. ATACAMITE, 


Dark- 






» Q 


1-1.5. 


yellow. 


3-3.5. 


green. 
Emer- 






PS 


9 9 
O CI 


48. Embolite, 


Green, 


50. MALACHITE. 






o 




1-1.5. 


yellow. 


3.54. 


ald- 












51. Libethenite, 


O: 








-< 






4. 


green. 










52. LiROCONITE, 


Bluish- 


54. OLIVENXTE, 3. 


Yellow- 


60. AMPHIBOLE, 


Green 






2-2.5. 


green. 
Green. 




ish- 


5^, 


to 






53. Pharmacosid- 




Kreen. 
Emer- 


prism of 124° 31'. 


black. 






ERITE, 2.5, 




55. Zaratite, 8, 


61. PYROXENE, 


Green 






cubical. 




incrusting. 


ald- 
green. 
Emer- 


5^, 
prism of 87® 5'. 


to 
black. 




;S 






56. ATACAMITE, 
3-3.5. 


62. GARNET 


Emer- 








ald- 


(OUVAROVITE), 


ald- 








57. CHRYSO- 


CTcen. 
Green. 


7.6. 
68. SPINEL, 8. 


gl^H: 




> 






COLLA. 3-4. 

58. Brochantite, 

3.5-4. 

59. DlOPTASE, 6. 


Emer- 
ald- 
green. 
Emer- 
ald- 
ffreen. 
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AND COLORED STREAK. 















HARDNESS > 5, 




\4 
< 


t 


HARDNESS < 8. 


ii ' 


HARDNESS 3 TO 5, 


ii 


NOT 


S3 

«r. 




S 


EASILY SCRATCHED 


S8 1 


EASILY SCRATCHED 


§^ 


EASILY SCRATCHED 


e 


^ 


BY COPPER. 


BY STEEL. 


p8 


I BY STEEL. 


C'S 




2 


64. VIVIANITE. 


Green, 


65. CHRVSO- 


Blue. 








Q 


1.5-2. 


blue. 


COLLA. 3-4. 












66. VIVIANITE, 


Green, 


69. CURYSO- 


Blue. 


71. Lapis Lazuli, 


Blue. 


n 


1.5-2. 


blue. 


COLLA, 34. 




! 5-6.5. 




a 


1 


67. LIROCONITE, 


Green- 


70. AZURITE, 


Azure- 


j 






2-2.5. 


ish 1 


3.5-4. 


blue. 










blue. ! 






! 






> 


68. LiNARITE. 

3-2 5. 


Azure- 
blue. 











III. MINERALS OF NON-METALLIC LUSTRE, 

WITH WHITE OR GRAY STREAK AND DECIDED TASTE. 



TASTE. 


NAKE AND HARDNESS. 


COLOR. 


BEMARSa. 


Acid. 


L8ASSOLITE,L 


White, yellow. 


Pearly scales. 




2. SODA NITRE, 1, 

cooling. 

3. MIRABILITE; 1.5-2, 

cooling. 

4. Mascaonite, 2-2.5, 

pungent. 
5 EPSOBilT^ 2.5. 
-6. aphthitaute, 3^.5 


White. 

White. 

Gray, yellow. 

White, yellow, red. 
White, bluish. 


Deliquescent 


Bitter. 


Pulverulent or IncrusCing. 

Massive or incnisting. 
Delicate crystals on lava. 


Alkaline. 


7. Natron, 1-1.5. 
«. BORAX, 22.5, 
sweetish. 


White, gray, yellow- 
White, gray. 


Only impure or in solution. 




9. Arsenolite, 1.6, 

sweetish. 

10. ALUNOGEN, 1.5-2. 

11. Melantekite, 2, 

sweetish. 

12. GOSLARITE. 2, 

nauseous. 

13. Kalinite, 2-2.5. 

14. CHALCANTHITK.2.6, 

nauseous. 


White, yellow. 

White, yellow, red. 
Green, white. 

White, gray. 

White, brown. 
Blue. 


Capillary or incnisting. 
Fibrous masses. 


Astringent. 


Efflorescent. 
An efflorescence. 






Saline. 


15. SAL AMMONIAC, 1^2. 

16. Kitre, 2. 

17. Thenar DiTE, 2-2.5. 

18. HALITE, 2.5. 
19.GLAUBERITE,2.M. 


White, yellow. 

White. 

White. 

While, gray, red, blue. 

White, yellow. 


Vitreous crystals or incrust'g 
Acicular crystals or tufls. 
Efflorescent. 
Massive or cubic. 
Extremely efflorescent. 
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IV. MINERALS OF NON-METALLIC LUSTRE. 

WITH WHITE OR GRAY STREAK AND NO TASTE. 



^ 

« 

s 


HABDNRSi < 3,. 

EASILY BCRATCHID 

BY COPPER. 


11 


HARDNESS 3 TO 5, 
EAfllLY SCRATCHED 
■ BY 8TEEU 


i 


HARDNESS > 5, 

NOT 

EASILY SCRATCHED 

BY STEEL. 


is 


i 


1. PYROPHYL- 

LITE. 1-2, 

2. PR0(5ulSrITE, 

1-2. 

3. Aluminitb, 1-2, 

cbalk-Uke. 

4. KAOLINITE, 

l-2Ji, 

5. HYDROZINC- 

rrE,2-*2.5, 
chalk-like. 

6. 8EP10L1TE, 

2-2.5. 
7..&ERPENT1NE, 
2.6-3. 

8..MAGNESITE,8. 


Yellow, 
while, 
green. 
Dark 
green. 
White. 

White. 
White. 

White. 

YeUow. 
green, 
white. 
While, 
brown. 


9. SERPENTINE, 

34. 

10. CHRYSO- 

COLLA, 3-4. 
ll.BORACITE,4A 
massive. 


Yellow,' 
green, 
white. 1 
Green, 
blue. 
White. 


12. ANDALUS- 

ITE.6.6 
(Chiastolite). 
13.TURQU0IS. 6. 


brown. 
Blue, 
green. 


i 


14. TALC, 1-1.5, 

greasy. 

15. PROCHi.OR- 

^ ITE,1.2, 
micaceous. 

16. PYROPHYL- 

LITE, 1-2, 
greasy. 

17. KAOLISITE, 

greasy. 1-2.5. 

18. GYPSUM. 1.5-2. 
easy cleavage. 

19. MUSCOVITE, 

2-2.6. 

20. LEPIDOUTE, 

2-3. 

21. BRUCITE, 2.5. 
22.BIOTITE,2J>-S. 

23.0lBBSITE^ 

2.5^.5, 
incrustlng. 


White, 
green. I 
l)ark ; 
green. 

YeUow,' 
white, 
green. 
White. 

White, 

red, 
yellow. 

Gray, 
yellow, 
brown. 
Violet, 
gray, 
green. 
White. 

Black, 

dark 
brown. 
White. 


,24. CKTLESTITE. 

3-3.5. 

•26. ANHYDRITE, 

3-3.5. 

three cleavages at 

right angles. 

26. DOLOMITE, 

8.5-4, 
rhombohedral 
cleavage. 

27. ANKERITE, 

3.5-4, 
irbombobedral 
cleavage. 

28. LAUMONTITE. 

8.5-4, 
falls to pieces. 

29. HEULAND- 

ITE, 8.6-4. 

30. STILBITE, 

3.54, 
sheaf-like groups. 

31. SIDERITE, 4. 

32. APOPHYL- 

LITE, 44.5, 
basal cleavage. 
:«. CALAMINE, 


White, 
blue. 

White, 
blue, 
red. 

White. 

red. 
yellow, 
brown. 
Brown, 
yellow, 
while. 

White, 
yellow, 

red. 
White, 
yellow, 

red, 
brown. 
White, 
yellow, 

red. 
brown. 
Yellow, 
brown, 

>??&. 

green. 

White, 
yellow, 
green. 


34. ENSTATITE. 

35. HYPERS- 

THENE,6^, 
metalloidal. 

36. RHODONITE, 

6.5-6.5. 

37. LABRADOR- 

ITE.6. 

38. ORTHOCLA8E. 

6^.5. 

39. MICROLINE, 

6^.5. 

40. ALBITE, 6-7. 

41. OLIGOCLASE, 

6-7. 

42. ANORTHITE, 

6-7. 

43. CYANITE. 6-7, 

blade-like. 

44. DIASPORE. 

6.6-7. 

• 


Gray, 
brown. 
Black. 

Red. 
brown. 
Gray, 
brown. 
White. 

red. 
yellow, 
brown, 
green. 
White, 
green. 
White, 

red. 
White. 

red. 

red. 
Blue, 
green, 
white. 
White, 
pink. 
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IW.— Continued. MINERALS OF NON-METALLIC LUSTRE, 

WITH WHITE OR GRAY STREAK AND NO DECIDED TASTE. 



H 


HARDNESS < 8, 
EASILY SCRATCHED 


is' 


HARDNESS 8 TO 5, 
EA<iILY SCRATCHED 


ii 

§8 


hardness > 6, 

NOT 
EASILY SCRATCHED 


n 


s 


BY COPPER. 


BY STEEL. 


BY STEEL. 




46. ULEXITE, 1. 


While. 


50. CERUSSITE, 


White. 


55. PYROXENE, 


White. 




46. GYPSUM, 1.6-2. 


White, 


8-3.6. 




0-6, flTTftV.' 






red, 


51. WAVELLITE. 


All 


prism of 87° 5'. 


green, 
black. 






yellow. 
Green, 


8.5-4, 


colors. 




> 


47. SERPENTINE, 


radiating. 
62. ARAGONlTE, 




56. AMPHIBOLE, 


White, 


2. 


brown, 


All 


545, 


gray, 
green, 
black. 


3 


(Chrysotile). 


yellow. 


3.54. 


colors. 


prism of 124° 30'. 


s 






53. WOLLAS- 


White, 






48. Pharmacolitb, 


White, 


TON ITE, 4.5-5, 


gray. 


67. FIBROUTE, 


Gray 




2-2.5. 


red. 


with calcite. 




6-7. 


Brown. 




49. CALCITE, 


All 


54. PEC^OLITE, 5, 


White. 








2.5-3.5. 


colors. 


radiating fibres. 










58. CKRARGYR- 


Gray, 


67. Stolzite. 8, 


Gray. 


79. MONAZITE, 


YeUow, 




ITE, 1-1.5. 


brown, 
green. 
White. 


minute pyramids. 
6«. ANGLE8ITE, 8. 


White. 


5-5.5. 


brown, 
red. 




50. Calomel, 1-2. 


69. CERUSSITE, 


White. 


80. Triplite, 5-5.5. 


Brown, 






gray. 


3.8.5, 






black. 






brown. 


crystals twinned. 




81. TITANITE, 

5-6.5. 


Brown 




60. SULPHUR, 


Yellow, 


70. SERPEN- 


YeUow, 


green. 




1.5-2.5. 


gray, 
brown. 


TINE, 8-4. 


green, 
white. 


wedge-shaped 
crystals. 


yellow. 




61. Phosgenite, 


White. 


71. Genthite, 3-4. 


Green. 


82. WILLEMITE, 


Yellow. 




2.5-8, 




72. MIMETITE, 


Yellow. 


5.5.1 flrreen/ 




62. Valentinite, 


White. 


8.5. 


brown. 




red. 




2.5-3. 


yellow, 
brown. 


78. PYRO- 


Green, 


88. ALLANITE, 


brown. 
Black, 




68. WULFENITE, 


Yellow, 


MORPHITE, 


brown, 


5.6-6. 


brown. 




2.5-3, 


red, 


8.5-1. 


gray. 


84. LEUCITE, White. 




square plates or 


gray- 


74. SPHALERITE, 


Yellow, 


5.5-6. ^ra^' 




pyramids. 
64. SEkPENTINE. 




8.5-4. 


brown. 


85. BROOKITE, 


Black, 




Yellow, 


75. STRONTIAN- 


White, 


5.5-6. 


brown. 




2.5-3. 


green, 


ITE, 3.5-4, 


yellow, 


86. OCTAHE- 


Red, 


kf 


unctuous. 


white. 


radiating. 


green. 


DKITE. 6.6-6. 


black. 


p 


65. Senarmontite, 


White. 


76. APATITE, 


AH 


87. NEPHELITE, 


Red. 


2.5-3, 




4.5-6, 


colors. 


5.5-6 


brown. 


5 


octahedral, 




prismatic. 
77.SCHEELITE, 




(Eleeolite). 




X 


66. BAKITE, 


White, 


Brown, 


88. OPAL, 5 5-6.5. 


All 


2 

< 


2.5-8.5. 


yellow, 
brown. 


4.5^, 


yellow, 




colors. 




pyramidal. 
78. 8MITHSON- 


^Mte, 


89. CHONDRO- 


Yellow, 


M 






DITE, 6-6.5. 


brown. 




i 






ITE,5. 


yellow, 
brown. 


90. VESUVIAN- 

ITE, 6.5, 


Brown, 
yellow. 






78a. Triphyllite, 


Green- 


prism striated 


green. 


% 






6. 


ish 


vertically. 




s 








gray, 


91. GARNET, 


All 


OS, 








white. 


6.5-7.5, 
cleavages 60° and 

120°. 
92. BORACITE, 7. 
98. lOUTE, 7-7.5, 
pseudo-hexagonal. 

94.STAUROLITE, 

7-7.6, 

prismsoftencross'd 

95. ZIRCON, 7.5, 
sharp square 

crystals. 

96. SPINEL. 8. 

octahedral. 


colors 
except 
blue. 
White. 
Blue, 
green, 
white. 
Brown, 
black. 

All 
colore. 












All 












colors. 












97. ANDALUSITE, 


Gray, 












7.5, 


red. 












prisms of 90° 48'. 
98. CHRY80- 


brown. 












Yellow 












BERYL. 8.6. 


green. 












99. CORUNDUM, 9. 


All 
colore. 












100. DIAMOND, 10. 


All 
colore. 
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THE QUARTERLY. 



Y^ .—Continued. MINERALS OF NON-METALLIC LUSTRE. 

WITH WHITE OR GRAY STREAK AND NO DECIDED TASTE. 











HARDNESS > 5, 




H 


HARDNESS < 3, 
EASILY SCRATCHED 


\\ 


hardness 3 to 6, ^k 

EASILY SCRATCHED Xa S 

OB O 


NOT 
EASILY SCRATCHED 


is 


•-) 


BY COPPER. 

101. GYPSUM, 


Pg 


BY STEEL. f^ W 


BY STEEL. 


^u 




White. 


109. ANGLE8ITE, White. 


186. TITANITE. 


Brown. 




1.5-2. 


red, 


'K 


5-5.5,1 green. 




easy cleavage. 
102. MUSCOVITE, 


yellow. 


no. CELESTITE. White, 


wedge-shaped yellow. 




Gray, 


3-3.5.1 blue. 


crystals. 




2-2.5. 


yellow, 
brown. 


111. ANHYDRITE. White, 


137. ANALCITE, 


White, 






3-3.5, blue, 


5-5.5. 


red. 




103. Pharmaco- 


White, 


three cleavages at red. 


tetragonal 






LITE, 2-2.6. 


red. 


right angles. 


trapezohedra. 






104. CRYOLITE, 


White. 


112. CHRYbO- Green, 


138. NATROLITE. 


White, 




2,5-3. 


brown. 


COLLA, 3-4. blue. 


5-5 5, 


yellow. 




106. LEPIDOLITE, 


Violet, 


118. WITHERITE. 


White. 


prisms of 91°. 


red. 




2-3. 


Kreen. 
Black. 


quartzoid cn-stalH. 
114. ALUNITE, 3-1. 




139. DATOUTE, 


White. 




106. BIOTITE, 


White, 


glassy crystals or 






2.5-3. 


brown. 




green. 


poreelain masties. 




107. CALCITE, 


All 


115. WAVEL- 


All 


140. WERNERITE,, White, 




2.5-3.5. 


colors. 


LITE. 3.5-4. 


colors. 


6-6. 1 gray, 




108. BARITE, 


While, 


radiating. 
116. ARAGONITE, 




green. 




2.5-3.5. 


yellow, 
brown. 


All 


red. 






3.5-4. 


colors. 


141. Lazulite. 5-6. Blue. 








117. STRONTIAN- 


White. 


142. WILLEMITE.! Yellow, 








ITK,3.5 4. 


yellow, 


5.5.1 green. 








radiating. 
118. DOLOMITE. 


White', 


, red. 








148. PYROXENE, | White, 








3.5-1. 


red, 
yellow, 


5-6, gray, 

prism of 87<> 5'. 1 green, 

] black. 










brown. 








119. ANKERITE, 


Brown 


144. AMPHIBOLE, WJiite, 








3.5-4, 


yellow, 
wiiitd. 


5-6. gray, 

prism of 124O30'. green, 

black. 








120. LAUMON- 


White. 








TITE. 3.5-4, 


yellow. 


145. ENSTATITE, ! Gray, 








falls to pieces. 
12L HEULAND- 


red. 


6-6. brown. 








White, 


146. HYPER8- 


Black. 


9 






ITE, 3.5-4. 


yellow, 


I THENE,5-6, 




1 








red. 


1 metalloidal. 










brown. 


147. HAUYNITE, 


Blue. 


t 






122. STILBITE, 


White, 


5.5^, 








3.5-4. 


yellow. 


rounded grains. 
148. NEPHELITE. 










sheaMike groups. 


'red. 


White. 










brown. 


5.5-6. 










123. SCORODITE, 


Green, 


149. ALLANITE, 


Black, 








3.5-1. 


brown. 


5.5-6. 


brown. 








124. Babytocal- 


White. 


150. LEUCITE, 


White, 








CITE. 4. 




5.5-6. 


•^T- 








126.RHODOCHRO- 


Red. 


151. OPAL, 5.5 6.5. 








SITE, '.\S>A.h. 






colors. 








126. MAGNE8ITE, 


White. 


182. RHODONITE, 


Red. 








3.5-4.5. 


brown. 


5.5-6.5. 


brown. 








127. FLUORITE. 4, 


All 


168. LABRADOR 


Gray, 








octahedral cleav- 


colors. 


ITE,6. 


brown. 








128.CHaIaZITE. 




164. ORTHO- 


White, 








White, 


CLA8E, 6-6.5. 


red/ 








4-4.5, 


red. 




yellow, 
brown. 








striated 












rhombohedra. 






&^£; 








129. APOPHYL- 


White, 


165. MICROUNE, 








LITE. 4-4.5, 


green. 


6-66. 


green. 
Yellow, 








basal cleavage. 




156. CHONDRO- 








130. HARMO- 


White, 


! DITE,64J.5. 


brown. 








TOME, 4.5, 


brown. 


157. Petalite, 


White. 








twinned crystals. 




6-6.5. 


red. 








131-135 next page. 
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\Y.— Continued. MINERALS OF NON-METALLIC LUSTRE. 

WITH WHITE OR GRAY STREAK AND NO DECIDED TASTE. 



H 

•J 


HABDNE88 < 3, 
KA8ILY SCRATCHED 


S8 


HARDNESS 3 TO 5, 
EASILY SCRATCHED 


<i 


HARDNESS > 5, 

NOT 

EASILY SCRATCHED 


ii 


BY COPPER. 


BY STEEL. 


PS 


BY STEEL. 


pg 








181. CALAMINE, 


White, 


158. PREHNITE, 


Green, 








4.5-5. 


yellow » 
green. 


6-6.5. 
159. CHRYSO- 


white. 
Green. 








132. APATITE, 


All 


LITE, 6-7, yellow. 








4.6^, 


colors. 


granular. 


brown. 








prismatic. 
133. WOLLAS- 




160.EPIDOTE,6-7. 


Green. 








White, 


161. FIBROLITE, 


Gray, 








TONITE, 4.5-6, 


gray. 


6-7. 


brown. 








with calcite. 




162. ALBITE, 6-7. 


White, 








134. PECTOLITE. 


White. 




red. 








5, 




163. OLIGOCLASE, 


White, 








radiating fibres. 




6-7. 


red. 








135. 8MITHS0N- 


White, 




green. 
White, 








ITE,5. 


yellow, 
brown. 


164. ANORTHITE, 










6-7. 


red. 












165. CYANITE, 6-7, 


Blue, 












blade-like. 


green, 
white. 












166. VESUVIAN- 


Brown, 












ITE. 6.5, 


yellow, 












prism striated 


green. 












vertically. 














167. DIASPOKE, 


White, 












6.5-7. 


pink. 
White, 












168. SPODUMENE, 












6.5-7, 
broad, smooth 


greeu. 












cleavage. 
169. GARNET, 


All 












6.5-7.5, 


colors 












cleavages 60° and 


except 


S 










120^. 


blue. 










170. BORACITE, 7. 


White. 


1 










171. QUARTZ. 7, 


All 










horizontally- 


colors. 


> 










striated prisms. 
172. Tridymite, 7. 
17d.T0URMA- 
1 LINE. 7-7.5, 
fi or 9 sided prisms. 
174. 10 LITE, 7-7.5, 
pseudo -hexagonal . 

175.STAUROLITE, 
7-7.5, 
prisms often 
crossed. 

176. Euclase, 7.5, 
1 only crystals. 

177. BERYL, 7.5-8. 
vertically-striated 

prisms. 


White. 

All 
colors. 

Blue, 
green, 
white, 
^rown, 
black. 

Bluish 
Kreeu. 
Green, 
blue, 
yellow 
Black, 












178. Gahnite, 7.5-8, 












octahedral. 


brown, 












179. PHENAaTE, 

7.5-8. 

180. TOPAZ, 8, 


green. 
White. 












White, 












basal cleavage. 


yellow, 
red, 
blue. 












181. SPINEL, 8, 


All 












octahedral. 


colors. 












182. ANDALUS- 

ITE, 7.5, 


^rS^' 












prisma of 90° 48'. 


brown. 












183. CURY80- 


Yellow, 












BERYL.8.5. 


green. 












184. CORUNDUM. 


AH 












9. 


colors. 
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THE QUARTERLY. 
v.— MINERALS WITH METALLIC 
The Mineral Fused on Charcoal with Soda in 







A XAGKETIC BUTTOX OR MASS. 


AKOX- 




In Ph.S. & OF. 


In Ph.S. A O.F. 


There Is a 




OB 

< 


YeUow to Red. 


Blue and Green. 


White ooat. 




1. 0. ARCENOPYRITE. 


5. 1. COBALTITE, 


7. 0. ENARGITE, 




o 


FeSrfFeAs, 
2. 0. LEUCOPYRlTE, 


CoSa-fCoAsa 
6. 1. SMALTITE. 


CnaA8S4 
8. 1. TETRAHEDRITE. 




i 


FetAsi 
8. P.. NICCOLITE, 


(CoFeNi)Asa 


9. O. POLYBASIlC^ 




\ 




9(A^aCUa)8-|-Sb,8a 




4. 1. ULLMAJilTK, 








NlSri-NlSba 






g 

1 


i 


13. H. PYRRHOTITE 


17. 1. LINN^ITE. 


aaO. STIBNITB, 


5 


! 


Fe,Se 


CO,S4 


Sb,S, 


*< 

Q 


14. 1. FYRITE. 

FeSa 


18. 1. BORNTTE, 

CutFeSa 


21. 0. JAME80NITE, 

Pb^A 


Q 


lii 


15. O. MARCA8ITE, 


19. T. CHALCOPYRITE. 


22. T. 8TANNITE, 


^ 


"■ 


Fes, 


CuFeSa 


SnOa.S.eto. 




Si 

ss 

5 


16. H. MILLERITE, 




28. 1. TETRAHEDRITE, 


N18 




24. 1. POLYBASItST^ * 




. 


2B. H. PTRA^^GYteT^. * 
26. 0. STEPHANiVe. 


1 






27. H. TELLURI^\l, 


s 


S 






Te 


2 


n 






28. O. HESSITE, 


A* 






AgaTe 


i: 








29. M. SYLVANTTE, 


^ 








(AuAg)Te, 


CN 


« 


42. 0. GOETHITE, 




S2. H. ANTIMONY, 




d 

o 


2Feaq,+Fe,(0H)« 
43. A. LIMUMTE. 




Sb 






44.H.HE^a1?1tE?^^^^* 
PeaO. 
45. 1. MAGNETITE, 














% 


Pe,04 








46. 1. IRON, 

47. 1. PRANKLINITE. 








% 








H 


(FeMnZn)0-)-(F!uMn,^0. 
48. H. MENACCANITE, 








(FeTlUO, 
49. 0. WOLFRAMITE, 








A 


(FeMil)O.WO, 
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OR SUBMETALLIC LUSTRE. 
the Reducing Flame yields. 



MAOilSTIO BUTTON. 


HBirmtR BUTTON NOR KAONBTIC MASS. 


There Is a 
Yellow coat. 


There Is 
No coat. 


WlthPh.S. ANaNO, 
Violet. 


With PhS. A NaNO, 
No Violet. 




U. I. TENNANTITE, 
4Cu,S4-A8,S, 




12. H. ARSENIC, 

As 


80. 1. GALENTTE, 

PbS 

81. 0. BOURNONITE, 
2PbS4<)u,S+SbaS, 

82. 0. AlkimTE, 
2PbS-f-Cu,8-|-Bl,Sj 

88.0.B1SMUTHINITE 

-nl Q 

84.H.TETRADYMiy 

Bl,(Te8), 

85. I. CLAUSTHAL- 

ITE. PbSe 


86. I. ARGENTITE, 

87. 0. CHALCOCItI! 

Cu,S 


88. I. ALABANDITE, 

MnS 


40 H.MOLYBDENITE 
MoS. 


68, L LEAD, 

Pb 
64. H. BISMUTH, 

Bi 


56. I. COPPER. 

Cu 

58. 1. SILVER, 

59. I. AMALGAM, ^ 

Ajr,Hff, 

60. 1. GOLD, 

Au 

61. L PLATINUM, 

Pt 

62. H. IRIDOSMINE, 


68. 0. COLUMBITE, 

61^. PYR^^Lfisi^E,* 

MnO, 

65. 0. MANGANITE, 

2Mn,0.,-(-&:ii,(0H>- 

66.T.HATjskAl}NITfi 

Mn,04 

67. T. BRAUNITE, 

2Mn.04-f-MnSi(), 

68. A.PSILOMELANE 

4MnO,-|-(K,Ba)0 


70. H. GRAPHTTB, 

71. L MERCURY, 

Hff 
T2. T. RUTILE, 

TiO, 
78. T. OCTAHEDRITE 

TiO, 

74. 0. BROOKITE. 

TIO, 

75. L URANINITE. 

UaOg 

76. L CHROMTTE, 

FeOrA 
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THE QUARTERLY. 



VI.— MINERALS WITHOUT METALLIC 
The Mineral, in finest Powder, boiled with Water, 





IS DISSOLVED IN WATER. 


w dissolved in the acid with efferves- 
cence. 


< 

i 


In closed tube yields 


In closed tube yields 


In closed tube yields 


In closed tube yields 


water. 


no water. 


water. 


no water. 


77. M. Melanterite. 






79. H. SIDERITE. 


•< 

8 
I 

h 
PS 


78. H. COftAPITE. 






FeCO, 
80. H. ANKERITE. 


5Fe,(804),+Fe^OH)e 






Ca.MgFe(CO,)4 




white coatino. 


WHITE coating. 


WHITE COATING. 


WHITE COATING. 


5 


88. Mascaonite, 


90. I. SAL-AMMONI- 


92. A. HYDROZINC- 


93. H. SMITHSON- 


H 


(NH.VS04+H,0 


AC, 


ITE, 


ITE, ZnCO, 
94. 1. SPHALERITE 


fr 


89.0. Qoslarite. 


NH.C1 


Zn,CO,(OH), 


>< 


ZiiS04+7H,0 


ARSENICAL ODOR. 




ZnS 


5 




91. 1. Arsenolite, 




YELLOW COATING. 


(J 




AStO. 




95. 0. CERUSSITE. 


Is 








PbCO, 








96. T. Phosoenite, 


il 








Pb,ClC0, 








brown coating. 


So 








96a. H. Greenock- 


if 








ite, Cd,8 


§8 

< 

8 
1 












YELLOW FLAME. 


YELLOW FLAME. 


GREEN FLAME. 


GREEN FLAME. 


Q 


128. M. MIRABILITE 133. 0. Thenardite. 


Blue With HCl. 


142.0.WITHERITE 


.s 


Na,.SO4+10HjO 
129. M. BORAX. 


Na.,S04 


140. M. MALACHITE 


BaCOs 


88 


134. M. GLAUBER- 


CuCOj. Cu'OH), 
141. M. AZURITE. 


148. M. Babytocal- 


NiuB4Ot+10H,O 
130. M. Natron, 


ITE, Na^04+CaS04 


CITE. 


186. H. Soda Nitre, 


2CuC0». Cu(OH)j 


(BaCaXJO, 


t^ 


NaoCOg+lOHjO 


NaNO, 
136. 1. HALITE. NaCl 




RED FLAME. 


g« 


130a. A. Ulexite, 




144.0.8TR0NTIAN- 


is 


NaCaB,0*+5H,0 


violet flame. 




ITE. SrCO, 


Sd 


violet flame. 


187. 0. Afhthitalite 




146. H. CALCITE. 


ofc 


131. 1. Kalinite, 


K*<^04 




CaCO, 
146.0.ARAGONITE 


1" 


K,Al2(S04)4+24H,Oll38. 0. Nitre, KNOs 




green flame. 


GREEN flame. 




CaOO, 


Blue with HCl. 


139.Tri.8A8S0LITE. 




147. H. DOLOMITE 


h 


132.Tri.CHALCAN- 


HaBO, 




(CaMg)CO, 


d 


THITE,CuS04+5H,0 










BLVE. 






PINK, 


gH 


168.M. ALUNOOEN. 






165.H.MAGNESITE 


> J 

S2 


AVSO4>8+18H80 






MgCO, 


PINK. 








28a-: 


164. 0. EPSOMITE, 








ft a 


MgS04+7U0, 








Zj ft ^ 
U W O 










£§- 










1.3 










5S S tij 






174 A. Zaratite, 


175. H. RHODO- 


'"q> 






NlCOj. 2N1(0H),+ 


CHROSITE. 


g3§ 






4H,0 


MnCOs 


^U-!l 1 
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LUSTRE.— NOT SILICATES. 
and then with Hydrochloric Acid, 



18 DISSOLVED IN THE ACID WITHOUT EFFERVES- 
CENCE. 



In cloeed tube yields 
water. 



81. M. VIVIANITR. 

FesPjCVfSHaO 

83. O. GOETHITE. 

H-Fe,04 

84. A. LIMONITE, 

FejOj. Fea(OH)e 



ARSENICAL ODOK. 

97. O. SCORODITE, 

Fe,A8,Og-h4HaO 

98. I. Pharmacosider- 

ITE. 

SFe.As.Os. Fe,(OH)« 
99. 1. Arsrniosiderite 
Fe.CiWiAgaOs. 3Fe, 
(OH). 
100. M, ERYTHRITE. 

Co,A«,0«4-8H-0 
101 M.ANNABERG- 
ITE 
Nl8As-0,4-8H,0 

102. O. OLIVENITE. 
Ou«A8,0,. Cu(OH), 

103. M. LIROCONITB. 

Cu»Al«(OH) ,A804)6 + 
20H«O 

104. M. PHARMACOLITE, 

2 HCaA804+5H,0 



In closed tube yields 
no water. 



85. H. HEMATITE. 

Fe,0, 
1. M. Triplitk, 

(FeMn)aFP04 
87. 0. Triphyllitr, 

Ll(FeMn)P04 



ORREN FLAME. 

Blue with HCl. 

148. O. Brochantitb. 

CuSO* f 3Cu(0H), 

149. O. LiBETHENlTE. 

cu,PaOi. Cu^om- 

1.50. T. TORBERNITE. 
Cu(UO,),(P04).4-8H,0 

151. A, TURQUOIS, 

Al4P,0,t+5H,0 
red flame. 

152. M. GYPSUM. 

CaS04+2H,0 

BLUE FLAME. 

158. O. AT AC A MITE. 
CuCl,+8Cu(0H), 



BLUE. 

166. A. Alumtnite. 

Al-POfi 4-9H,0 

167. O. WAVELLITE, 
Al6(P04)4(OH)6+9H,0 

pink. 

168. H. BRUCITE. 

Mg(OH), 



176. O. AUTUNITE. 
CaU,P^i,+10H,O 

177. A. WAT). 
2MnO,+H,Ol 



WHITE COATING. 

105. O. Valentinite, 
8b,08 

106. 1. Senarmontite, 
PbJOa 

107. M. KERMESTTE, 
2Sb,88. Sb.Oj 

108. O. Molybdite, 
MoO, 

109. H. ZTNCITE, ZnO 

YELIX)W coating. 

no. A. Minium, Pb804 

111. M, Crocoitr. 
PbOr04 

112. H PYROMORPH- 
ITE, Pb5Cl(P04)s 

113. H. MIMETITE, 
Pb,afAR04>j 

114. H. VANADINITE. 

PbBCl(V04)8 

114a. M.Drscloizite. 
(Pb.Zn),(0H)V04 

115. T. PTOLZITE.PbW04 

116. T. WULFENITE, 

PbMoO« 



GREEN flame. 

Blue with HCl. 
154. 1. CUPRITE. CUaO 

green flame. 
155. 1. BORACITE. 

2MK,B80,54-MgCU 

RED FLAME. 

156. O. ANHYDRITE. 

CnS04 

157. T.FLUORITE.CaF, 

158. H. APATITE. 

CR,rpo4)^F.ci) 

159. T. SCHEELITE. 

CaW04 
yellow flame. 

160. Tri. CRYOLITE. 



177a. M. MONAZITE. 
(Ce.La,DI),(P04)aTh, 
Ml 



IS NOT DISSOLVED. 



In closed tube yields 
sublimate. 



YELLOW sublimate. 

117. O. ORPIMENT, 

A8,S8 

118. H. PR0U8TITE, 
3AsrJ3. AsjSs 

119. O. SULPHUR, 

8 

RED SUBLIMATE. 

120. M. REALGAR. 
As,S, 

121. H. PYRARGYR- 

ITE, 

3A8r,S. Sb,Ss 
black sublimate. 

122. H. CINNABAR. 
HgS 



177b. T. Calomel. 
Hg,Cl, 



In closed tube yields 
no sublimate. 



128. O. ANGLESITE. 
PbS04 
123a. M. LiNARiTB. 

PbCuS05+H,0 
pungent fumes. 
124. 1. CERARGY- 

RITE. AgCl 
125. 1. Embolite. 

Ag(ClBr) 

126. H. lODYRITE, 

Ael 
127. 1. Bromyrtte. 

AgBr 

WHITE COATING. 

127a. I. Gahnite. 

ZnAl.Oi 



GREEN FLAME. 

161. O. BARITE. 

BaS04 

RED FLAME. 

162. O. CELESTITE. 
SrS04 

BLUE FLAME. 

162a. M. Lazulite. 
RAUPaO»+H,0 



BLUE. 

169. 1. SPINEL, 

MirAl,04 
170. H. CORUNDUM, 
A1,0, 
17L O. DIASPORE, 

H,Ala04 

172. O. CHRY80- 
BERYL, BeAl,04 

173. H. ALUNITE, 
K,Al8(S04)4+6H,0 

173a. GiBBSiTE. 

HuAUO, 



17R.T. RUTILE.TiO. 
179.T.CASSITERITE 
8n0, 
180. I. DIAMOND. U, 



_.-.jgle 
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VIL^MINERALS WITHOUT 
The Mineral, in Finest Powder, heated with 



o 

H 






ft; 

I 



18 SOLUBLE WITH FOBMATION OF JKLLT. 



Yields water. 



181. M. PECTOLITE, 

HNaCa,0„ 8S10, 

182. T. APm[":i \.\\\-\\ 
4[H,Cn«.,. ,.-:^v. - ]J, 

188. M. LAI .M^^MITE. 

CaAljO,, E^hia^HiO 
184. H. CH UJAZITE. 



IQC, M. TATOLITE* 

W.J. AXAUim 
N n-i A],0 * ,48itM-3 1 . 3O 

llQH. U. XATitOHTE. 
N a, A',0 4,3aiO,+3iH,0 



Does not yield water. 



186. 1. LAPIS LAZULL 
Ca,Na,.AI,Fea8.SiOa 
Formula unuertaln 



19P. H. NEPHELITE, 

(NaK),Ala04,2810a 



IB SOLUBLE WITHOUT ANT 



Yields water. 



186. O. STILBITE, 
H4RA1.0«.6SiO,-MH,0 

187. M. HEULANDITE, 

• H4CaAlaO,.6S10,-HJH,0 

188. M. UARMOTOME, 
BaAla04.5SiO,4-6H,0 

189. O. PREHNITE. 
Ca,AJ,0»,4SiO,+9HaO 



205a. M. ALLANITE, 

R^BaSi.Ox, 



217. A. SEPIOLITE, 

2MiK),88iO«4-2H90 

218. O. CALAMINE, 
2ZiiO,810^H,0 



240. O. CALAMINE, 

2ZnO,8iO,+HgO 

241. H. DIOPTASE, 

H,CuO,.S10a 



219. M. WOLLASTONITE 

CaOSiOa 

220. L HAUYNITE. 
(Na,Ca),Al40.,4SiO,+ 

CaS04 

221. H. WILLEMITE, 
2ZnO,8lO, 

222. Tri. ANORTHITE, 
CaAl,04,2SiO, 



242. O. CHRYSOLITE, 

2(MpFe)0.S10, 

243. M. CHONDRODITE, 
8M«0,3SiOt 



205b. A. GENTHITE, 

H4(Mg.Ni)*SJ,0,, 



. O. SERPENTINE. 
8Mir042S10,4-2H,0 



844. A. CHRYSOCOLLA, 
CuO,8iO,+2H,0 
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METALLIC LUSTRE.— SILICATES. 

Hydrochloric Acid and the Solution partially Evaporated. 



FORMATION OF JELLT. 


IS INSOLUBLE OR NEARLY INSOLUBLE. 


1 

Does not yield water. 1 Yields water. 


Does not yield water. 


lOO.M. LEPIDOLITE. 
(CaNas)Ala04,2S10, 




102. Tri. OLIGOCLASE, 

RAla04,5S10, 
108. Tri. ALBITE, 

Na,Al,04,CS10, 
IfttM.LEPTDOLTTE. 

(U,K,^iAl,0,i,12SlO, 
JDG. M. 8P0DT'MK>'E, 

H,AlaO,,.l3SIO, 
IflSfi. H. T0L3RMALLSEiBn>wn). 


iW. Tri. LABHAIHJ RITE 
iCaKa3SAlii(i4,3»S10fl 




20L Tri- OLI00CLAE4E, 

EA1,0 4.5310, 
S02: Tri. ALBITE, 

Na,Al,04.&SlO, 
aCM. M. SPODUMENE, 

LI,Al(,OiB,]5StO, 
KH. M. PYROXENE, 

RO.SiO* 
aO&. M. AMPHIBOLE, 

fiOpSiO^ 


SOe.T-^'ESUVIASTTE, 

WKii,3R,n„7BiOa 
907. M. TITAMTK, 

(^!iO,TlOi,SlO, 
S08.1. (SARNET, 

3RO.RaO,,aSlO, 
BOO, Tri. ItllODOMTE. 

MnO.SlOs 
210, M. PYROXEN-E. 

211 M. AMPHIBOLE; 

RO.t^fO, 




aia M. EPIDOTE. 

H,Ca/A],Fe,>j:),4,CStO, 
^13. T.VESUTIANITE, 

ano,3R,o,,7Sio, 

an. M. P\-ROXENE, 

E0,810, 
filB. M. AMPHJBOLE, 

R0.810, 
tlS. L GARNET, 

mO,RsO„5SlO, 


234- M. PYROXENE, 

Rf^SlQt 
225. M, AMPIIlBiiLE. 

R0.9iOi 
22S. 0, 3ERPESTINE, 

227. 0. irfPEKSTItESTi, 

(M(cFe)0,aiOa 

228. 0. lOLITE. 

(MgFe),Al,0„6SlO, 


!M>- n. PROCHLORITK 
vMffFr^^„Al,O,ijm0,+ 

280. 0. TALC, 

IL,Mffs(>„4i^10a 
230tO.PYIW>PUVLlJT»-; 


^. O. EN9TATITE. MfO.SlOi 
^32. Tri. IIICROOLINE, KjAJA-^itS 
»H. M. OKTIKH LASE; K^A]a<)|.ftSK), 
3JW. M. RIOT[TE. artt M*(0 j,HS!0, 

2sa. M. Mi's< in vn^E, RtMi,t>,.2Siu, 

sm. M. PETALITE. Ll*A]*O,ji,a0SlO, 
237. t1. TOURMALINE, 

288. H. BERYL, Be,Al,0..69IO, 

289. M. EUCLASE, H,Be,Al,0„ 2810, 


245. 1. LEUCITE, 

K,Ala04,4SlOa 


248. A. OPAL, 

810, 
246a. 0. KAOLINITE, 

U,Al,Si,0, 


»47. H. QUARTZ, 810, 
248. A. OPAL, 810, 
240. 1. OUVAROVITE, Ca,Cr,0«,3S<0, 

250. H. TRIDYMITE, giO, 

251. H. TOURMALINE, ^ 

«R,0,.4SI(0F,>,,B,0, 
2B2. T. ZIRCON, ZrO,,sIo, 
253. 0. STAUROLITE, 

H,(MRFe),Al,,0„.6SlO, 
2M. H. PHKNACTTE, 2BeO,S1o! 
25ft. O. ANDALU8ITE, Al,0,.8lO, 
2.T6. M. FTBROLITE, Al,0,.aio: 

257. Tri. CYANITE, Alj.0..aio; 

258. 0. TOPAZ, Al,0,9l(0F,), 



VL. XI. — 23 
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Alftbanrtite, l.,7, V..38. 
AlbJU\lV.,*3,lft2, Vn., 193,202. 
AlSftiilttJ. IV., m. \k\\ VI I,, ,i05a. 

Alumitiltc^ iv\. 3, VL, Ilia. 
Alunkts I v., 114, VI., 17ii 
Ahinoff^ti, in,. 10. VI., 103. 

Am|iblb<*U% n..0OJV.,&8, 144 VII., 205, 211, 

AnAlcitt', [V.,iai,vn.,l97. 
Ais<lnlu?Hiu< J v., \% 1*7, IPG^ VII., 255. 
Atiirk-Ur, lV..ft§^ UJy, VI.. 128. 
AiiKjilriU-, 1V..2S 111. VI., 156. 
ArikiirlUt, [V., Tu liy, VI,, MO. 
AimaUftKiie, ll h ^l. VL, 101. 
A liuttli tt e. I V . , 4^. 1 ei . V II., 222. 
AnUmnuy. 1., 3W, V« .V2. 
Ariftltte, fV., 7fi, lia VI., l."^ 

AphtiiiuiiiUf, nr, 6,vi. 1S7, 

Ap(lphymu^ IV.. ^fi, li-i*. Vll.,182. 
Arftg jiUtL', lV,p.W. U6, VI., 146. 
ArifeiitiU*. I .;i?^. V.,H6, 
AweJiic, ht ^-»H 10, V * VL 
AnBenk«siaedte. IL.ii. VL,99. 
At^ncjiUe, I1L,JJ, Vl„9l. 
ArseDopyrltt, L. 4fi, V, 1. 
AUcamite. \i.A\ ^, Vl„ 153. 
Aiitunllt?. IL. 4, VI.. I7fi. 
Amrll«,lI.,TO, VL.HL 

Barite. IV.. 66, 108, VI., 161. 
Barytocalcite, IV.. 124, VI., 143. 
Beryl. IV.. 177, VII.. 238. 
Biotite, IV.. 22, 106. VII., 234. 
Bismuth, I.. 50, V., 54. 
Bismuthinite. I.. 51. V.. 33. 
Boracite. IV., 11, 92, 170, VI., 155. 
Borax, 111,8, VI., 129. 
Bornite, 1., 65, V, 18. 
Bournonite, I.. 3. 37. V., 81. 
Brauiiile. I.,2:^, v.. 67. 
Brochanlite. II., 58, VI., 148. 
Bromyrlte. II., 47. VI., 127. 
Brookite. I.. 20, IV., 85, V., 74. 
Brucite, IV.,21, VI., 16a 

Calamine. IV., 33. 131, VII., 218, 240. 

Calciie. IV,49. 107. VI., 145. 

Calomel. IV.. 59, VI.. 177b. 

Caasiterite, II., 18.. VI.. 179. 

Celestite, IV., 24, 110, VI., 162. 

Cerargyrite. IV.. 58. VI.. 124. 

Cerusslte, IV., 50. 69, VI., 95. 

Chabazlte, IV.. 128. VII., 184. 

Chaleanthite, III.. 14. Vl., 132. 

Chalcocile, I., 26, V., 37. 

Chalcopyrlte, I., 61, V.. 19. 

Chondrodite, I v., 89, 156, VII., 248. 

Chromlte, I., 16. V.,76. 

Chrysoberyl, IV., 98, 183. VI., 172. 

ChrysocoUa, II., 42, 57, 65, 69, IV., 10, 112, 

VII., 244. 
Chrysolite, IV., 159, VII., 242. 
Cinnabar. II., »4, VI., 122. 
Clausthalite, I.,34, V.,35. 
Cobaltite, I.,44, V..5. 
Columbite. I., 21.V., 63. 
Copiapite, II.,2, VI,78. 
Copper, I.. 66. v., 56. 
Corundum, IV., 99, 184, VI., 170. 
Crocoite, II., 18. VI.. 111. 
Cryolite, IV., 104, VI., 160. 



Cuprite, II.. 81. 87, VI.. 154. 
Cyanite, IV., 48, 165, VII., 257. 

Datolite, IV.. 139, VII., 196. 
Descloizite, II.. 8, VI., 114a. 
Diamond, IV., 100, VI., 180. 
Diabpore, IV., 44, 167, VI., 171. 
Dioptase, II.. 59, VII., 241. 
Dolomite, IV., 26, 118, VI., 147. 

Embollte, II., 48. VI.. 125. 
Enarglte, I., 4, v., 7. 
Enstatite, IV., 34, 145, VII., 231. 
Epidote, IV., 160. VII.. 212. 
Epsomllo, III., 5, VI., 164. 
Erythrite, IL.^JO. 38, VI.. 100. 
Euclase, IV., 176, VII., -239. 

ribrollte. IV., 57, 161, VII., -256. 
Fluorite, IV, 1-27, VI., 157. 
Frankllnlle,1.18, V.,47. 

Gahnlte. IV., 178. VI., 127a. 
Galenlte, I.,33, V.,30. 
Garnet, IV., 91, 169. VII.. 208, 216. 
Genthlte, IV., 71, VII.. 205b. 
Glbbslle. IV. -23, VI.. 173a. 
Glauberite, III.. 19, VI., 134. 
Gold I., 62, v., 60. 
Gofilarlte, III.. 12, VI., 89. 
Goethite, I., 9, II., 27. 29, V., 42, VI., 83w 
Graphite, I., 28, V.. 70. 
Greenockite, II., 19, VI., 9«a. 
Gypsum, IV., 18, 46, 101, VI., 152. 

Halite, III., 18, VL, 186. 
Harmotome. IV.. 130, VII., 188. 
Hauitmannlte, I., 11, V.. 66. 
Hauynlte, IV., 147. VII., 220. 
Hematite, I., 17, II., 32, V., 44. VI., 85. 
Hesitlte, I.. 55, V., 28. 
Heulandlte, IV., 29. 121, VII., 187. 
Hydrozlnclte, IV.. 5. VI., 92. 
Hypersthene, IV., 35. 146, VI I., 227. 

lodyrlte, II., 5, VI.. 126. 
loliie, IV.,93, 174, VII..228. 
Irldosmine, I., 47, V., 62. 
Iron, I., 57, v., 46. 

Jamesonlte, I., 82, V., 21. 

Kalinlte,lII.,13,VI.,131. 
Kaollnlie, IV., 4. 17, VII., 246a. 
Kermeslte, II., 83, VI., 107. 

Labradorite, IV , 37, 153, VII., 200. 
Lapis lAZull, IL. 71, VII., 185. 
Laumontlte, IV., 28, 120, VIi., 188. 
Lazulite,IV..41.VL,162a. 
Lead. I., 36, V., 58. 
Lepidolite, IV.. 20, 106. VI T., 190, 194. 
Leuciie. IV., 84, 150, VII., 245. 
Leucopyrlte. I., 42, V., 2. 
Libethenlte, IL. 51, VL, 149. 
Llmoniie, I , 10, IL, 22. 26, V., 48, VL, 84. 
Linarile, IL, 68, VL, 123a. 
Linnwite. L. 43. V., 17. 
Llroconlte, IL, 52, 67. VL, 108. 

Magnesite, IV., 8, 126, VL, 165. 
Magnetite, L. 15, v., 45. 
Malachite. IL, 46, 50, VL, 140. 
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Manganite. T., 8, V., 65. 
Marca«iie, I.. 60, V., 15. 
Mascagnice, 111., 4. VI., 88. 
Melanlerite, III.. 11, VI., 77. 
Menaccanite, I.. 13, V., 48. 
Mercury. I., 53. v., 71. 
MicrocUne, IV., 39, 155, VII., 232. 
Millerlle, I., 58. V.. 10. 
Mimetite. IV., 72. VI.. 113. 
Hinium.II., 16, VI.. 110. 
Hirabillte, III.. 3, VI., 128. 
Molybdenite. I., 35. V., 40. 
Molybdite, II., 1, VI., 108. 
Monuzitc, IV.. 79, VI., 177a. 
Muacovite, IV., 19. 102, VII., 235. 

IffiUKdito, IV., 138. VII., 198. 
Nslfon,IIX.,7,VI.,180. 
Nephelile» IV., 87, 148, VII., 199. 
Nlccolite, L, «CY.. 8. 
Nitre, III., le^YL^ 138. 

Octahedrlte. I.. 19, IV.. 8«» V.. 73. 

Oligoclaae, IV., 41. 163. VIU 192, 201. 

Ollvenlte, II., 46,54, VI., 102. 

Opal, II., 10. 15. IV., 88, 151, VU^ 2«S, 248. 

Orpiment, II.. 3, VI.. 117. 

Orthoclaae, IV., 38, 154, VII , 288. 

Ouvarovlte, II.. 62, VII., 249. 

Pectollte. IV., 54. 134. VII., 181. 
PetalUe, IV.,1^7,VII.,2:^6. 
PhftririHCoUl^. \\\,^^, llia< VI.. 104. 
PhafmiifLfriilerlK\ 11,, 11,58. VI., 98. 
Ph*>i3at'ite, IV., 17*i.VlL.2n4. 
Phm^^^uite, IV., m, VJ./je, 

Platliiunipl., &6. V..6L 

Polvbtwltii, J., :£\ v., y, 24, 

PrehDUe,tV.,lB«,VU., \m. 

YtQvhhMii^, ir, Mh *3, IV., 2, 15, VII., 229. 

Prousdte, tL. a5. Vh, llrt. 

PscnuTTiebint, r., U, II., i*3, V.. 68. 

PyraiKyrlie. I.. 1, IJ.. Zf^, V„ 25, VI., 121. 

Pyrlte, I., 59, V., 14. 

Pyrolusfte, I.. 2. V.. 64. 

Pyromorphite, IV., 73, VI.. 112. 

Pyrophyllite. IV., 1, 16, VII.. 230a. 

Pyroxene, II., 61. IV., 55. 143, VII.. 204, 210, 

214, 224. 
Pyrrhotite, I., 63, V., 13. 

Quartz, II., 14, 39, 171, VII., 247. 

Realgar, II., 17, VI., 120. 
RLodochroslte. IV., 125. VI., 175. 
Rhodonite, IV., 36, 152, VII., 209. 
Rutile, I., 22, II., 12, v., 72, VI., 178. 

8al- Ammoniac, III., 15. VI.. 90. 
Saaaolite, III., 1, VI., 139. 
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S^tTpi'iillntv IV., 7. \K 41. U, 70, VII., 223, 226. 

Hlderittf. 1V.,:I), VI.,7W. 

Silyer. I.*.U V.,M. 

SmHltUe.l., 15, V..ii. 

SniithMuiie. [ V., 78. 135, VL, 93. 

ftffllii-uKi-e, nL,2, VI..135. 

6|ilialtjrUti, IL, JIS, IV., 74. VI., 94. 

^Jpltit'I. IL. ^. IV.. W5. IS), VI., 169. 

PpiKiuiiiom". I V„ lew. VU.. ]95, 203. 

ei«niil!e,I..41. V,,22. 

Sluurnllte, IV,. 94. 175, VIL,253. 

ytephmilu*. I.. 24, v., 26, 

SUlmlte. L. :*), v.. 20. 

eillMt*, IV..30.12'i.VlI..1S6. 

StoUile, 1V.,<j7, Vi.,1i5. 

Slronlmnite, IV.. 75, 117. VI,, 144. 

Sulphur, n., 6. IV., flO, VL,119. 

Sylvaiilie, l.,4ft,V./iS. 

TalP,lV..H.Vir..230. 
Telkihum, I..ft:;,V./J7. 
TtfiimutU*;. I.. 5. v., 11, 
THmdymile, 1., 49. V., B4. 
Ti^tmhtrtrUe, I,.B.V..a,23. 
Theuftrdlte, UL. 17, Vr.. 133. 
Titan ite, IV.. Wl.J3fi,Vn.,!^. 
Tujiaz. n .. IN), VH., 2^. 
Torb«niit(>, IL,4J, VI., i50. 
TDurmntlm\ IV.. 17H, VII., 195a, 237, 261. 
Tridyuille, IV.. 172. VIL, '^MJ. 
TripIiylUte,lV.,7Hfl, Vl..*i7. 
TrlpiUe, 1[.,U, IV.,»0. VI„fl6. 
Turijucijfi, IV., 13, VI., 151. 

XJlexite,IV.,45,VI..130a. 
Ullmannite. 1 , 43a., V., 4. 
Uranlnite, 1. 27, V., 76. 

Valentinite. IV., 62, VI.. 105. 
Vanadinite. II., 7, VI., 114. 
Vesuvlanlte, IV., 90, 166, VII., 206, 213. 
Vivianlte, II., 64, 66, VI., 81. 

Wml, IL, 21, VI., 177. 
Wavt'lUte. lV..f«l. 115. VI., 167. 
Wtrntrite, IV.,UO. VU.101. 
WUIenilte, I\^, M-J. 142, VI L. 221. 
WiiberItt!,IV.,Ua VLJ4;J. 
Woln-jtmite, 1.12, V..4!i. 
WoIlHftUmUe, IV., 5R. i:^3. Vn.,219. 
WuUelillfe, IV..G3, VI.,Hfi. 

Zaratlte. II., 55, VI., 174. 
Zincite,II.,20, VI.. 109. 
Zircon, IV., 95, VII.. 252. 



THE DETERMINATION OF MANGANESE AND ZINC 
AS PYROPHOSPHATES. 

By R. C. BOYD. 



The determination of manganese and zinc after precipitation as 
carbonates has always been somewhat troublesome to the chemist, 
but that being the plan laid down by the older chemists and 
endorsed by Fresenius, it has been regarded as safer to make the 
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best of the disadvantages. The manganese carbonate in particular 
has been the source of much annoyance, its propensity for retaining 
alkah' necessitating long and continuous washing, while its extreme 
fineness of division often causes it to run through the filter, which 
makes it necessary to adopt 3ome such device as frequently 
changing the beakers receiving the washings, to avoid refiltering 
large volumes of solution. The basic zinc carbonate is not so 
finely divided, being more flocculent in character, and needs per- 
haps less washing, but it is what may be called an extremely sensi- 
tive precipitate, being so readily soluble in weak acids, alkalies, 
ammonia salts, organic compounds, etc. An accurate and less 
troublesome method of determination has been desired by chemists, 
and as a consequence recently, the precipitation of these metals as 
double ammonium phosphates, and weighing as pyrophosphates 
has met with great favor. * 

MnNH^PO^ is a white flocculent precipitate when first formed, 
assuming by heat and agitation the crystalline form, when it 
has a very pearly appearance. On standing in contact with the 
air in presence of ammonia it becomes colored, passing through 
pink to brown, probably from the formation of small quantities 
of the higher oxides of manganese. 

In his book on the Analyses of Iron and Steel,* Blair prescribes 
the following course of procedure. Assuming that one has a 
hydrochloric acid solution of the manganese (containing of course 
no other element precipitable as phosphate) 5 to 20 c.c. of saturated 
solution of " microcosmic salt" (NaNH*?!?©*) are added, the 
solution heated to boiling, and ammonia is then added, drop by 
drop, until the precipitate forms. Heating and stirring is kept up 
until the precipitate assumes the form of crystalline scales and 
settles readily. A drop of ammonia is then added, and the solu- 
tion narrowly watched to note whether any cloud forms. If any 
appears, the solution is heated and stirred again until the precipi- 
tate is completely crystalline, and the operation is repeated until a 
drop of ammonia gives no further clouding. This extreme pre- 
caution to avoid even the slightest excess of ammonia seems some- 
what unnecessary, as the results given below will show. The 
presence of a slight excess of ammonia (so that the odor was at 
least perceptible) had no influence on the results. Blair at this 
point prescribes that the hot solution shall now be cooled by im- 

* The Chemical Analysis of Iron, p. 93, 

Digitized by VjOOQIC 



DETERMINATION OF MANGANESE AND ZINC. 357 

mersion in ice water before filtering, also an unnecessary precau- 
tion which has the inconvenience of causing the solution to filter 
more slowly. Filtering hot was attended with no perceptible dis- 
advantage (see result 2). Washing with a 10 per cent, solution of 
ammonium nitrate as recommended by Blair, seems also to be 
unnecessary. The precipitate settles well and completely, and the 
NaCl and excess of alkaline phosphate can frequently be removed 
by the use of only about 50 c.c. of washings. After ignition with 
the usual precautions necessary for the ignition of the correspond- 
ing magnesia precipitate, the precipitate becomes MnjPjOy. 
The following results on a manganese mineral were obtained : 

1. Precipitated as phosphate, filtered cold without any 

excess of ammonia, Mn 38.61 

2. Fihered cold with slight excess of ammonia, • • . Mn 38,48 

3. Filtered hot with slight excess of ammonia. . . . Mn 38.50 

These references on the ammonio-manganese phosphate precipi- 
tation may be of use: Blair, The Chemical Analysis of Iron, p. 
93 ; Gibbs, American Journal, [II.]. 44, p. 216; Beilstein & Jawein, 
Ber., XII., p. 1528 ; Monroe, Proc, Am, Cheni. Soc, I., 215 ; Ford, 
Insl. Min. Eng,, IX., 397. 

The literature on the determination of zinc as phosphate is very 
meagre. On some points regarding the management of the pre- 
cipitate and the applicability of the method widely varying opin- 
ions have been expressed. The solubility of the precipitate in 
ammonium salts appears to be an unknown quantity, and as to the 
volatility of the precipitate on ignition, results differing radically 
have been obtained. To test these points, three lots of pure zinc 
were weighed out and dissolved respectively in hydrochloric, nitric 
and sulphuric acid, as little excess of acid as possible being used 
in each case. The solutions were diluted to known bulk, well 
mixed and aliquot portions taken for the determination. 

The precipitations were made as follows : An excess of micro- 
cosmic salt was added, the solutions heated to boiling and then a 
slight excess of ammonia added. The boiling was continued until 
no odor of ammonia was perceptible. The precipitates were then 
filtered and washed by decantation, keeping as much of the pre- 
cipitate as possible in the beaker. When the washings gave no 
reaction for phosphates, the precipitate was dissolved in the beaker 
by the aid of a little nitric acid and the solution poured through 
the filter into a weighed platinum dish and the zinc conigpund 
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rinsed into the same with a little distilled water. After evaporat- 
ing and carefully igniting, the dish and contents were weighed. 
By this means the reducing action of burning filter-paper upon the 
precipitate, and consequent loss of zinc, was avoided. It seems 
probable that a disregard of this precaution may have been the 
reason for the assertion that the precipitate was partially volatilized 
on ignition. 

One other precaution, however, should be noted. The precipi- 
tate sometimes, after becoming apparently cool, has been observed 
to suddenly snap and project p>ortions, which may or may not fell 
back into the dish. It should, therefore, be kept covered with 
glazed paper or something of the sort until it is ready for weigh- 
ing. A similar action has been noted on the part of uranium phos- 
phate in some cases. 

The precipitate, which at first came down flocculent, was con- 
verted, by heating, into a dense crystalline powder. 

It appeared to be somewhat soluble in ammonia, though not 
perceptibly so in water, whether hot or cold. 

The following results were obtained : 

Zinc. — Pure Metallic Zinc Used. 

Zn. Percent. 

4. Precipitated from the chloride solution, .... 99,7 

" duplicate solution, 99.7 

5. " from nitrate solution, ..... 100.06 
** duplicate solution, 100,06 

6. " from sulphate solution, 100.02 

The presence of ammonium chloride seems to exert a disturbing 
effect. Professor Waller, in his experiments, found that, in a hot 
NH^Cl solution, with great excess of NH4CI, he obtained only 
76.4 1 per cent, of zinc present ; the filtrate on cooling, deposited 
phosphate equivalent to 18 per cent. more. 

Another point that it might be well to note is the bulks of the 
solutions. About 200 c.c. of the zinc solution to about 10 c.c. of 
a saturated solution of the microcosmic salt will be found to be 
about the proper ratio. 

The following references on the zinc precipitation may be of 
value : 

Tamm, Chemical News, xxiv., p. 148; Fres., Zeitschrift^ xiii., 
320; Stone, /<?«r. Am, C/tem, Soc, iv., 26. 

I am greatly indebted to the kind assistance of Professor E. 
Waller in preparing the preceding article. ^ ^ 
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A BRIEF REVIEW OF THE LITERATURE ON 
ORE-DEPOSITS. 

By J. F. KEMP. 

IV. 

By an oversight in the preceding paper (Vol. X., pp. 333-334), 
when mention was made of the views advanced on the Siluro-Cam- 
brian h'monite beds, the very valuable paper* of J. D. Dana was 
overlooked. In his studies of the metamorphic series of the Green 
mountains, which have thrown so much light on the vexed ques- 
tion of the Taconic system, Prof Dana, of course, met the long 
stretch of limonite mines from central Vermont south into Connec- 
ticut. He shows the ore to be always near the junction of a stratum 
of limestone, — proved in many cases to be ferriferous and some- 
times to be quite entirely siderite, — and one of hydro-mica slate or 
mica schist. In several mines bodies of unchanged spathic ore are 
imbedded in the limonite. Prof Dana explains the ore as having 
been formed by the weathering of a highly ferruginous limestone, 
from which the limonite has been left behind on the removal of 
the more soluble elements, so as practically, in connection with the 
other less soluble matter, to replace the limestone. It has at times 
replaced the schists, deriving also its substance probably, in part, 
from iron-bearing minerals in them, and changing these rocks to 
the ochers and clays now found with the ore. These views, although 
approximating in some degree those of former observers, are quite 
original in their entirety, and seem to the reviewer, from some in- 
dependent observations of his own, to be the true explanation. 

Mention should also be made of the Iron Manufacturer's Guide, 
by J. P. Lesley, brought out in 1866, and now a rare book. After 
an introductory chemical discussion, the iron-mines of the country, 
known at that time, are treated in detail under I. Primary iron -ores, 
II. The brown hematite-ores. III. The dyestone fossil-ores. IV. 
The carbonate-ores. V. The bog-ores. Under each head will be 
found a general discussion of origin, etc. 



* Dana, J. D., Amer. your, Sci.^ August, 1877, p. 132. Numerous references to 
other papers are here given. In addition, note B. S. Lyman, A, A. A, S., 17, 114. 
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In Nevada and California there are a number of places where 
solfataric and fumarole action is actively in progress, and where 
phenomena may be observed full of suggestions regarding the for- 
mation of mineral veins. Interest was directed to them in connec- 
tion with the cinnabar deposits of the Pacific slope. Therefore, as 
introductory to the papers on them, Prof. S. B. Christy's work on 
the "Genesis of Cinnabar Deposits ^^* is here introduced. The 
author briefly describes the geological structure of the New Al- 
maden mines, in which he shows that the cinnabar occurs in a layer 
of decomposed serpentine between serpentine beneath and magne- 
sian schists passing into clay slates above. An interesting series 
of experiments, made to test the solubility of mercuric sulphide at 
high temperatures and pressures, is then outlined. As a result, 
the cinnabar was shown under pressure of 260 to 5CX) pounds to 
the square inch, and at temperatures from 200 to 250 C, to be sol- 
uble in the polysulphides and sulphydrates of potassium. Also, 
that a natural mineral water from the mercury district, when treated 
with sulphydric acid, had the same property. From this a con- 
vincing argument is made against the theory of volatilization, and 
establishing that these deposits are the immediate result of the ac- 
tion of solutions of alkaline carbonates containing also alkaline 
sulphides. 

One of the regions of solfataric action referred to above is Sul- 
phur Bank, some 90 or lOD miles north of San Francisco, and 
another is the Steamboat sprin^rs, in Nevada, on the branch from 
the Central Pacific railroad to Virginia city, and only 6 miles from 
the Comstock lode. The notice of scientific men was early attracted 
to them, and short descriptions were published especially by foreign 
travellers.f 

In 1887 and the years following, Profs. Leconte and Rising, of 
the University of California, visited Sulphur Bank, and as the result 
published in the Amer. Jour, of Science, July, 1882, p. 23, a descrip- 
tion of the local geology and an hypothesis for the ore deposition. 
It is that heated waters, charged with alkaline sulphides, carbonic 

* Amer, Jaur. Sci.y June, 1879, p. 453. See also later review of Becker's recently 
published monograph. 

t Phillips, J. A., ''On Sulphur Bank," Phil. Mag,, vol. ii., 401, 1871 ; Quar. Jour, 
GeoL Soc, 35, 390, 1879. Rolland, Ann.des Mines, xiv., 384, 1878. Whitney, GfoL 
Survey Cal., vol. i., p. 94. Sieveking, B. and H. Zeit., 1876, pp. 45, 57. Laur, ** On 
Steamboat Springs,*' Ann. des Mines, 1863, 421, 
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acid and sulphydric acid, well up through the broken and tilted 
sedimentary beds, bringing with them a dissolved burden of metallic 
sulphides, notably cinnabar. The springs are primarily caused by 
dying volcanic action. The currents meet the atmospheric waters 
percolating down and charged with sulphuric acid from the altera- 
tion of pyrites, and a reaction is set up by which the metallic sul- 
phides, previously held in solution by alkaline sulphides, are pre- 
cipitated along with much dissolved silica. While not following 
the particulars too closely, it is desired at this point to direct atten- 
tion to this method of throwing down metallic sulphides from sol- 
vents undoubtedly capable of dissolving them. In the Amer.Jour. 
for June, 1883, p. 424, Prof. Leconte takes up the springs and vein 
formation at the Steamboat springs. Here an extensive surface 
deposition of hard silica has been formed because, says the author, 
the waters are charged especially with alkaline carbonates, and 
silica with comparatively little alkaline and metallic sulphides. No 
sub-surface reactions with acid surface waters occur, and the silica 
reaches daylight. At the cinnabar mines near the springs, how- 
ever, phenomena similar to Sulphur Bank occur. Again, in the 
Amer.Jour, for July, 1883, Prof. Leconte takes up the general sub- 
ject of the '* Genesis of Metalliferous Veins," and, arguing on the 
theory of the deposit of metallic sulphides from a solution in 
alkaline sulphides set forth above, seeks to explain all veins in 
this way. 

Veins are classified (pp. 17 and 19) as follows : 

a. Fissure veins. 

b. Incipient fissure or irregular veins. 

c. Brecciated veins. 

d. Substitution veins. 

e. Contact veins. 

/. Irregular ore-deposits. 

While the general idea set forth is a good one, few observers of 
wide experience in ore-bodies would be prepared to admit all this 
sweeping application. 

The general arrangement of certain of our western mining re- 
gions along lines or belts approximately following the lines of oro- 
graphic disturbance, early attracted the notice of observers. W. P. 
Blake remarked it in 1866.* and others have since.f Although 

* Report of th^ Cal. State Board of Agriculture, 1 866. 

f Fortieth Parallel Survey ^ vol. iii., chap. i. Raymond, R. W., " Geographical Dis- 
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the belts are less numerous than was at first supposed, Mr. Becker 
traces four: [a) the lead-silver belt of Utah in the Wahsatch, just 
beyond the western limit of the Cretaceous of the plateau region ; 
{b) the gold belt in the Jura-Trias of the western Sierras; {c) the 
quicksilver and chromite belt in the Cretaceous and Tertiary of the 
coast range ; {d) the belt running diagonally across Arizona from 
southeast to northwest, and just along the contact of northeastern 
Palaeozoic and southwestern Archaean. The ore-bodies coincide 
with the lines of upheaval, but the elevation is not always the 
immediate cause of them, for some of the most important are in 
eruptive rocks of much later date. 

During 1880 much attention was directed to the silver sand- 
stone deposits of Silver Reef, in southwestern Utah, and some- 
thing of a discussion prevailed as to their origin. R. P. Roth- 
well,* in a report upon them, attributed the silver to argentiferous 
solutions which filtered through the sandstones along certain lines 
and were primarily stimulated by the neighboring igneous out- 
breaks, the silver being precipitated through the agency of organic 
matter contained in the sandstone. J. S. Newberryf considered the 
ore to have been precipitated with the formation of the sandstone, 
replacing the organic matter which became buried at the same 
time, and that the ore-bearing solutions may have come from 
springs along the shore of the Triassic Sea. F. M. F. Cazin % 
took exception to the simultaneous deposition. C. M. Rolker,§ 
who lived several years in the region, has written quite fully 
about them and adopts Rothwell's explanation of circulation of 
ore-bearing solutions along certain lines, possibly lines of weak- 
ness and deposition of silver both on organic remains and else- 
where. A. W. Jacksonjl has since discussed the papers of New- 
berry, Cazin and Rolker. 

tribution of Mining Districts in the United States," Trans. Inst, M. E,, i., ^i, Becker, 
G. F., " The Relations of the Mineral Belts of the Pacific Slope to the Great Up- 
heavals," A, y.S, iii., 28, 209, i884. 

* Engineering and Mining Journal, Jan. 10, 17, 24, 31, 1880. Especially Jan. loth. 

f " Report on the Stormont Properties." Engineering and Mining Journal, Oct. 
23, 1880, p. 269. Also Jan. i, 1881, p. 4. 

X Engineering and Mining Journal, Dec. 1 1, 1880, p. 381, and April 30, 1 881. 

§ ** The Silver Sandstone District of Utah." Trans, Am, Inst. Mining Engineers^ 
ix., 21. 

II *♦ Silver in Sedimentary Sandstone." Report of the Director of the Mint, 1880, 
p. 384, quoting the Trans. Cal. Acad, Sci, 
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In the Quarterly for March, 1880, Professor J. S. Newberry 
published an excellent paper on the "Origin and Classification 
of Ore-Deposits." After speaking of the three general classes of 
the useful minerals, the earthy, the carbonaceous and the metallic, 
the following scheme of classification is developed, each member 
of which is successively discussed in detail. 

1. Superficial deposits. 

2. Stratified deposits. 

1. Forming entire strata. 

2. Disseminated through strata. 

3. Segregated masses in strata. 

3. Unstratified deposits. 

1. Eruptive masses. 

2. Disseminated through eruptive rocks. 

3. Contact deposits. 

4. Stockworks. 

5. Fahlbands. 

6. Impregnations. 

7. Chambers. 

8. Mineral veins: gash veins, segregated veins, fissure 

veins. 

This is followed by a very interesting discussion of the follow- 
ing methods of vein-filling, igneous injection, aqueous deposition 
from above, lateral secretion, sublimation. The author throws his 
influence on the general application of the theory of aqueous depo- 
sition from below. The above classification is much the same as 
the one first published by J. D. Whitney in 1854 (see Quarterly 
for Nov., 1888, p. 59), but shows several notable improvements, as 
in Class II., Division 3, the grouping in Class III., Division 8, and 
the general concise wording. The paper was virtually continued 
in the Quarterly for May, 1884, in the farther contribution on 
"The Deposition of Ores." In this the additional group of 
Bedded Veins is added to Division 8, Class III. The distin- 
guished author then develops a strong argument against the fill- 
ing of fissure-veins by the leaching of superficial igneous rocks, 
and reaffirms his support of a filling by aqueous deposition from 
deep-seated sources. 

A short pamphlet on '* Veins,"* by Prof. Albrecht Miiller, was 

* ** Die Erzgftnge. Schweighauserische Verlagsbuchhandlung ." Basel, 1880. 
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published in Basel, in 1880. It is a popular lecture, afterward 
printed. Of the same general character is vom Rath's pamphlet 
on ** Gold/** which was published in 1879, at Berlin. It contains, 
however, much historical information about gold not readily ac- 
cessible elsewhere. E. Reyer*s monograph on " Tin "f appeared 
in 1 88 1, and is a very thorough description of the localities 
known at that time, with much interesting history connected with 
them. The little pamphlet by Dr. Kohler, of Clausthal, on the 
" Storungen der Gauge, Flotze und Lager," is an interesting dis- 
cussion of faults and general disturbances, and contains some ex- 
cellent figures. Trigonometrical calculations for estimating the 
throw of the strata and veins are introduced, and if the faults only 
followed Dr. Kohler's mathematics, the thrown portions could be 
located with great certainty .J 

A long scries of papers, chiefly Australian, is cited by Lock 
regarding the origin of gold in auriferous gravels. From these 
we infer (p. 762) that Dr. A. R. C. Selwyn, then in Australia, now 
Director of the Canadian Survey, sometime about i860 suggested 
the idea that some of the gold was precipitated in the gravels from 
solution. 

In addition we may note that in 1859, Dr. F. A. Genth§ published 
independent observations on the gold of South Carolina diorites 
which indicated that the gold had been corroded and rounded by 
some solvent, and which suggested the argument that it went into 
the placers in solution. J. A. Phillips|| published m the Philo^ 
sophiccd Magazine, in 1 868, Vol. 36, p. 32 1 , a paper on the " Chemi- 
cal Geology of the Gold Fields of California,^' in which he points 
out what had been previously observed by Daintree, in Australia, 
that gold existed in the pyrites which often replaces tree trunks. in 
the gravels, inferring from this that gold does circulate in solution 
among the gravels. In 1881, Prof. Thos. EglestonT[ took up the 

* " Ueber das Gold." Verlag von Carl Habel, Berlin, 1879. 

f " Zinn, eine Geologisch-montanistisch-historische Monografie." Verlag von G. 
Reimer, Berlin, 1881. 

J A translation by W. B. Phillips, entitled, »' Irregularities of Lodes, Veins and 
Beds," will be found in the Engineering and Mining Journal y}\xxi^ 25 and July 2, 1887. 
The original was published by Engelmann, Leipzig, 1886. 

J Genth, F. A. " Contributions to Mineralogy." A, J. 5., ii., 28, 246. 

II See also Phillips, J. A. Proc. Roy, Sac., xvi., 294. A. J S,, ii., 47, 134. 

1[ " Formation of Gold Nuggets and Placers Deposits," Trans. Am, Inst, Mining 
Engineers, 9, 633. 
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subject again from its chemical aspect, and from many original 
experiments argued a precipitation of nuggets from solution. We 
may also note that Wm. Nicholas,* in the Engineering and Mining 
Journal, December 15, 1883, argues the precipitation of the gold 
in quartz veins by organic matter. In the Quarterly, for Nov. 
1 88 1, Prof. J. S. Newberry t strongly presents the arguments for 
the mechanical origin of the gold by the erosion of quartz veins. 
J. D. Whitney had previously brought out his invaluable mono- 
graph on the " Auriferous Gravels of the Sierra Nevada (Cam- 
bridge, 1880), in which the occurrence of the gravels of California 
is fully set forth, the geology of the associated slate and quartz 
veins described and the theoretical points of origin discussed. 
Any chemical origin for the gold is entirely overlooked by Prof. 
Whitney, and we are led by no expression of his to suspect that 
he questioned for a moment the origin of the gold nuggets by the 
mechanical erosion of the quartz veins by running water. A 
valuable book which deserves mention in this connection is R. B. 
Smyth's ''Gold Fields and Mining Districts of Victoria" (Mel- 
bourne, 1869), which gives an accurate and commendable descrip- 
tion of the Victorian gold mines, and brings out many features 
which are strikingly similar with California. 

Alfred G. Lock's great volume on (?e?A/ appeared in 1882. It is 
a careful compilation, and brings together material from many 
sources usually inaccessible, but extremely valuable for reference. 
J. Arthur Phillips's Treatise on Ore-Deposits dipY^tdireA in 1884, and 
is a very valuable and interesting book. The author's wide expe- 
rience in many parts of the world gave him exceptional facilities 
lor the gathering of knowledge. It may be justly questioned, how- 
ever, if, except for the purposes of the general reader, it is wise to 
try to include the ore-deposits of the world in a volume of mod- 
erate size. The book opens with a general introduction, in which 
the author pays Professor Newberry the compliment of quoting 
him extensively. 

The scheme of classification is as follows, and, by comparison 
with that of J. D. Whitney, it will be seen to be virtually the same 
thing in more clumsy phraseology: 

* "The Origin of Gold in Certain Victorian Reefs." 

t " On the Genesis and Distribution of Gold." Reprinted in the Engineering and 
Mining Journal, Dec. 24 and 31, 1889. 
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I. Superficial, — a. Deposits formed by the mrrbMniral action 
of water. 
b. Deposits resulting from chemical actioii^ 
11. Stratified. — a. Deposits constituting the bulk of metalhTer- 
ous beds formed by precipitation from 
aqueous solutions. 

b, Beds originaHy deposited from solution, but 

subsequently altered by metamorphism. 

c. Ores disseminated through sedimentary beds 

in which they have been chemically de- 
posited. 
III. Unstratified. — a. True veins. 

b. Segregated veins. 

c. Gash veins. 

d. Impregnations. 

e. Stockworks. 
/ Fahlbands. 

g. Contact deposits. 

A, Chambers or pockets. 

In the latter part of the book the ore-deposits of the world are 
taken up by countries. 

Mention should be made of several other English works. D. C. 
Davies' two books on Earthy and otfur Minerals and Mining, and 
on Metalliferous Minerals and Mining, contain considerable useful 
material, but are clearly written by one who hardly possessed the 
qualifications necessary to the task of writing treatises. Robert 
Hunt's British Mining appeared in 1884, and is an extended 
account of the metalliferous resources of the British isles. A great 
deal of interesting historical material is contained in the book, es- 
pecially in connection with Cornish tin. 

For many years past Dr. Fridolin Sandberger, of the University 
of Wurzburg, has been engaged in the study of mineral veins, and 
up to 1882, had published a number of shorter contributions to our 
knowledge respecting them. His attention was especially drawn 
to the wall rocks of veins as the source of the mineral matter. Not 
content, as had been his predecessors, with the total analysis of the 
rock itself (bausch analysis), he proceeded to extract individual 
minerals in considerable amount and subject them to the most 
searching methods of chemical analysis for small percentages of 
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the metals. The dark silicates, augite, hornblende, biotite and 
olivine, as well as the lighter-colored micas, proved to be the chief 
metal bearers. Dr. Sandberger succeeded in finding, in very nu- 
merous instances, copper, arsenic, antimony, nickel, cobalt, silver, 
lead, bismuth, etc., Jo a surprising degree and in relations hardly 
before suspected. These minerals, in particular wall rocks, also 
afforded some interesting coincidences with the metallic contents 
of the contained veins. But also in schists and slates, and even 
quite unaltered sedimentary rocks, he found recognizable amounts 
of metals quite unsuspected. From these investigations he became 
a vigorous supporter of the lateral secretion theory, and in 1882 
published the first part of his volume Untersuchungen ueber Erz- 
gauge. 

After a brief statement of the old theories of vein-filling, he 
argues against the filling of fissures by ascending currents, on the 
ground that in all known springs no deposit is made on the walls 
of the conduit, nor until the solution reaches the surface and is ex- 
posed to relatively large amounts of oxygen and is comparatively 
quiet. He then proceeds to give in detail his experiments on the 
various rocks, and concludes the book with a study of the Schap- 
bach vein in the Black Forest. Here the vein is shown to carry 
very different ores when in granite from what it does in the neigh- 
boring gneiss, and, on analysis, the mica of the granite afforded the 
metals peculiar to the vein in the granite, while that of the gneiss 
afforded a different series and one peculiar to the vein in the gneiss. 
In the second part of the book veins are followed through all the 
different kinds of rock, and particular instances cited which are 
thought to carry out the original idea. A great amount of careful 
chemical work is recorded, proving, as before, the general presence 
of small amounts of the various metals in the walls. Two addi- 
tional monographs, each on small mining districts, conclude the 
book. Much that is suggestive is to be found in the writings of 
Professor Sandberger, yet we cannot but wonder if he possibly 
could believe any ore-deposit, anywhere in the world, to originate 
otherwise than through his favorite theory. 

In 1883 a further short contribution appeared, entitled Neue Be- 
wcise fur die Abstammung der Erze aus dent Nebettgestein (Wurz- 
burg, 1883), chiefly announcing preliminary results of work on the 
Pribram mines. Later results are noted in the Neues Jahrbuch, ii., 
1888, p. 56, where references to the original publications will be 
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found. An abstract and translation of Sandberger's work is found 
in the Engineering and Mining Journal^ March 7, 15, 22, 29, 1884, 
entitled ** Theories of the Formation of Mineral Veins." 

The publication of Sandberger's views brought out a review of 
his and other theories of ore-deposit, from M. E. Wads worth.* The 
writer emphasizes the alteration, which proceeds in all rocks, 
changing the composition of the component minerals and remov- 
ing or introducing constituents, and also lays stress on the inclu- 
sions which they so often contain. He argues thence the need of 
taking into consideration the condition and relations of a rock be- 
fore drawing too positive conclusions as to the derivation of the 
metals from its minerals. A number of illustrations are cited in 
support of this idea, drawn largely from the writer's own pub- 
lications, which have been previously referred to, and which, in 
the minds of most readers, will probably not strengthen his case. 

In the edition of Johnson's Encyclopcedia for 1886, Vol. VI., p. 
22, Prof. R. Pumpelly has a most interesting and suggestive con- 
tribution on ore-deposits. After giving the necessary introductory 
definitions, the succession and groupings of minerals, etc., a 
scheme of classification is elaborated, based on the preliminary 
dissemination and methods of subsequent concentration of ores. 
The scheme is as follows : 

I. Disseminated Concentration. 
(a) Impregnations, Fahl- 

,, ^ , _ * . Forms due to the texture 

II. Aggregated Concentration. r -.l 1 • 1 

^^, Tt . 1 of the enclosing rock or to 

[a) Lenticular aggrega- > .^ , ^.^ ^. 

^ ' , , , (its mineral constitution or 

tions and beds. ^ u ^l 

, ,, ^ , to both causes. 
\b) Irregular masses. 

(r) Reticulated veins. 

(d) Contact deposits. 

*•,* ^ , ,r . f Forms chiefly due to pre-existing open 

IV. Gash Veins. \ '^' c 

,^ ^. ,, . I cavities or fissures. 

V. Fissure Veins. ) 

VI. Surface Deposits. 

(a) Residuary deposits. 

{b) Stream deposits. 

{c) Lake or bog deposits. 

* " The Theories of Ore-Deposits,'* Proc. Boston Soc, M /f., 1884, p. 197. 
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Each member is then individually discussed and illustrations 
are cited. Faults are described in connection with fissure-veins. 
The paper concludes with a theoretical discussion of modes or 
origin, as necessary to which these four points are established. 
(1) Sources from which the constituents are derived. (2) Trans- 
portation from the source. (3) Concentration. (4) Arresting 
causes, capable of giving fixed and solid form to the substances 
that are to form the deposit. The ocean is instanced as the 
primary source, whence the metals are precipitated and segregated 
by organisms, and many facts are adduced in proof. The ores 
are then followed through the circulation, always going on in the 
rocky coast, to their precipitation. If this does not occur in pre- 
existing cavities, " the space was obtained by a mechanical dis- 
placement of the enclosing material when this was in a semi-fluid 
or plastic condition/' or else " by a chemical replacement similar 
to that to which pseudomorphs owe their origin,*' or " by the 
removal in solution of a more soluble mineral as a whole and its 
replacement by a less soluble one." Remarks on the relative 
values of deposits close the paper to which a list of some of the 
better known works on ore-deposits is appended. 

H. S. Osborn, L.L.D., formerly professor at Lafayette, brought 
out in 1887 a volume* bearing on ore-deposits, and in its 367 
pages embraces a treatise on mineralogy, analytical chemistry, 
economic geology and mining, whence it may be inferred that no 
one of these subjects gets very much attention. The book is an 
attempt (and many are made) to make subjects intelligible to a 
general, it may be uneducated reader, which in themselves require 
special training; and thus disseminate the little learning that is 
dangerous. 

In 1888 The Natural Resources of the United States by J. 
H. Patton appeared, and is a popular work for the general reader, 
and as such it fulfils its purpose very well, and is read with interest 
by many. 

Some valuable contributions have been made in the annual 
reports issued by the State mining schools of Colorado and 
Dakota. Four have been issued by the former, in which papers 
by Professors Lakes, Ihlseng and others have appeared, and many 
sketches from the facile pencil of the first named. Dr. Carpenter's 
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" Preliminary Report on the Geology, Mineral Resources and 
Mills of the Black Hills,'* puts in concise shape much interesting 
matter.* Mention should also be made of the Proceedings of the 
Colorado Scientific Society, now in its fourth year. Many valuable 
contributions are to be found in its pages from local geologists 
and from members of the United States Geological Survey, form- 
erly stationed in Colorado. 

The next and concluding paper of the series will review the 
publications of the National governmental surveys. 

t See also Transactiom Institute Mining Engineers, 17, 570. 
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I Analytical Chemistry, by E. Waller. 

Electricity in Chemical Manipulations. Fessenden {Chem. News^ 
Ixii., 4) describes (with illustrations) the application of electricity for 
evaporation in vacuo, and in an automatic heat regulator and air ther- 
ynometer. 

App ications of the Nitrometer, Lunge {J, S. C /., ix., 21). By 
mixing a measured amount of a permanganate solution with a suitable 
quantity of sulphuric acid and H^O, solution, the oxidizing power of 
the permanganate may be estimated from the volume of oxygen evolved ; 
K,Mn,03 + 3H,S0, + 5H,0,= K,SO, + 2MnSO, + 8H,0 + 5O,. The 
strength of bleaching powder may be determined in a similar manner, 
using a neutral solution of the powder. CaOCl, + H^O,, = CaCl, + H^O 
+ O,. The available oxygen in manganese ore can also be determined, 
using sulphuric acid as in the first case. MnO, + H^O, + H,SO^ == 
MnSO^ + 2H,0 + O,. Carbonates if present should first be destroyed 
by treatment with dilute sulphuric acid. 

Nickel Articles for Laboratory Use. {Fres, Zts. Anal Chem,, xxix., 
69). Some half dozen chemists are quoted on this subject. The general 
verdict is unfavorable. Nickel triangles are especially unsatisfactory, as 
they soon become covered with lamp black. The crucibles can only be 
used for fusing caustic alkalies, when no oxidizing agent is used. 
Nickel as an impurity in the melt, is less readily removed than silver or 
platinum. 

Litmus Paper {Marsh, Chem, News, Ixii., 2) is not colored red by 
acids unless water is present. Concentrated sulphuric acid, glacial 
phosphoric and acetic acids, have no effect unless some water is added. 
Davy stated that hydrochloric acid would do so, but Gore, as well as the 
writer of the paper, could not confirm his observation. Concentrated 
nitric acid gives the red on account of the water resulting from the de- 
composition of organic matter caused by the acid. 

Vanadium in Caustic Potash, E. F. Smith {/our, Franklin Inst,, 
November 19, 1889). On saturating a solution of KOH with H,S and 
afterward acidifying with HCl and heating for some time, the separated 
sulphur showed a chocolate- brown color. On examination this proved 
to be an impure vanadium sulphide. From 3 pounds of the potash about 
half a gramme of impure sulphide was obtained. 

Impurity of Caustic Alkalies, Venable and Callison {Jour, Anal, 
Chem., iv. 197). Boracic acid was found to be present in all the speci- 
mens of caustic alkali prepared for laboratory use. The amount is prob- 
ably o. I per cent, or over. 

Impurity in Barium Chloride, Blum {Fres, Zts. Anal, Chem., xxix. 
139). H,0, is frequently an impurity which causes erroneous results in 
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some operations. The test for this impurity is weak solution of per- 
manganate, to which the pure salt is indifferent. 



npurities in Reagents, 


(^Fres 


Zeits, Anal, C4<f/«., ocxviii., pt. 6.) 


Reagent. 




Impurity. 


CuO, 




CaO, 


PbCrO,, 




PbO, 


Ether, 




IH-smelling compounds and S, 


Chloroform, 




Alcohol, 


HCl purified by Sn, 




Sn, 


HCIO., 




As and Ba. 



Caustic Soda or Potash With Carbon for the Decomposition of Minerals, 
Burghardt {Chem, News.^ Ixi. 260). The finely pulverized mineral is 
mixed with about 10 per cent, of its weight of fine charcoal, and the 
mixtures carefully projected into a silver crucible containing fused caustic 
soda or potash, about six times the weight of the amount of mineral 
taken. The crucible and contents are then heated until the reaction 
has ended, the evolution of combustible gas has ceased and the mass 
appears dry. It is then cooled, extracted with water, etc. A second 
fusion on the residue may sometimes be necessary. The results of ex- 
periments on tin-ore, Wolframite, and chromite, etc., are detailed. 

Sodium Carbonate in Caustic Soda. Gcebel iChem. Ztg,, xiii., 696), 
recommends titrating a solution of the sample (not over 50 c.c. in bulk) 
with standard acid, using a drop of phenolphthalein solution (i part in 
90 of 90 per cent, alcohol) as indicator, then adding a drop of solution 
of Poirrier blue CLB. (i in 400 of water) and titrating to the dark- 
blue tint. The titration with phenolphthalein gives all the caustic and 
half the carbonate, that with the blue CLB, half of the carbonate. 

Alkalies in Presence of Sulphites, Grant & Cohen {/, S, C, /., ix., 
19). For salts containing (as ordinarily) not over 50 per cent, of sodium 
sulphite, 10 c.c. of 10 per cent, hydrogen peroxide solution is added 
for every o.i gramme of the salts dissolved, and the mixture is at once 
boiled gently, cooled and titrated, using methyl orange as indicator. 
As the H,0, solution is always slightly acid, it must be carefully neutral- 
ized before adding it to the solution. 

Sodium in Presence of Potassium Salts, Beilstein & Blaese {BulL 
Acad, Sci., St. Petersb., N. S, I j xxxiii., 209). To the solution of the 
chlorides or nitrates, is added potassium antimoniate solution, the mix- 
ture allowed to stand for one day, and the precipitate washed (at first by 
decantation) with a solution of potassium acetate (0.7 per cent.) and then 
with 50 per cent, alcohol. The precipitate is dried, ignited and weighed 
as NaSbOj. For every 100 c.c. of the solution in which the precipita- 
tion is made (not of the wash liquors) an allowance of 0.0233 gramme 
NaSbOg is added to the weight obtained, on account of the solubility of 
the precipitate in the solution of potassium salts present. 

Separation of Baryta from Strontia, Fresenius (^Fres, Zts, Anal, 
Chem.y xxix., 20), confirms the observations of Schweitzer (^Proc. Am. 
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Association, Adv, Sci,, 1877), that a fairly complete separation of these 
earths cannot be effected by Rose's method ; boiling the mixed sulphates 
with ammonium carbonate or with a mixture of fixed alkaline carbonate 
and sulphate, which, according to Rose, converts the strontia into car- 
bonate; and leaves the barium in the form of sulphate. Separate, they 
act as Rose describes, but when mixed, some SrSO^ fails to be converted 
to carbonate, or some BaSO^ becomes BaCO, according to the propor- 
tions in the mixture. 

Determining Aluminum in Ferro Aluminum and Aluminum Steel, 
Ziegler {Dingl. Folyt, cclxxv. 526). 0.5 to i gm. of the finely pow- 
dered and sifted material is heated with NaHSO^ in a platinum crucible 
first at a low heat for an hour, and then at a higher temperature. After 
cooling and dissolving in water, the silica is filtered off, washed with i 
percent. HCl,' weighed and its purity tested by treatment with HF. 
The filtrate is reduced by use of sodium hypophosphite solution (Rein- 
hardt's method) and the aluminum precipitated by ZnO in slight excess. 
The first precipitate should be redissolved in HCl, and again precipitated 
by ZnO. This precipitate is redissolved and the alum precipitated 
twice with ammonia. The precipitate is still likely to contain ZnO 
and iron, from which it must be purified by fusion with Nn^COg and 
reprecipitated. Aluminum steel does not decompose readily by fusion 
with bisulphaie," but is more readily attacked by dissolving in HCl. 

Zinc- Ores. M'mor {Chem. Z(f., 1889, 1670). By decomposing with 
HCl, the whole of the zinc is obtained in solution. Boiling with diluted 
soda lye, will dissolve only zinc carbonate and silicate, leaving blende 
undissolved, and finally boiling the ore for fifteen minutes in a 50 per 
cent, solution of acetic acid, will dissolve only zinc carbonate. 

Zinc in Blendes Containing Manganese. Stahl {Berg, u Hutten.^ 
Ztg.y 1890, 5). 0.5 gm. of ore is dissolved in HNO„ the solution evap- 
orated down and KCIO, added. Then dilute and add 25 to 30 c.c. of 
ammonia ; the Mn and most of the Pb are in the precipitate. The latter 
is precipitated out by ammonium phosphate, and in the filtrate the zinc 
is titrated with Na^S, using lead paper as indicator. 

Precipitating Nickel Sulphide. Lecrenier {Chem. Zeit., xiii. 431 and 
449). By adding 2 vols, of a 10 per cent, solution of Na^SOj to i vol. 
ammonium sulphide solution, and heating on the water-bath, the poly- 
sulphides are decomposed and the precipitation is complete, provided 
there is not over o. i gm. Ni in 200 c.c. of solution. Ammonium salts 
favor the precipitation, but free ammonia interferes. 

Cobalt and Nickel in Ores. Hope (/. S. C. /., ix. 375). After 
dissolving the ore, eliminating silica, H^S group, iron, etc., by the 
ordinary methods the Co and Ni are separated together as sulphides, 
which are calcined and weighed to give an approximate idea of the 
proportions present. The oxides are then dissolved in aqua regia, and 
converted to sulphates by adding H^SO^ and heating. After diluting to 
about 50 c.c, phosphate of ammonia amounting to about four times 
the weight of the metals present is added, dissolved in a minimum 
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quantity of water, both solutions being boiling hot at the time of 
mixture. Dilute ammonia is then cautiously add^ wkli ecHifiUiit stir- 
ring until the pink crystalline precipitate of CoNHiPO^ separates. After 
standing hot for five or ten minutes, the solution is decanted off, the 
precipitate dissolved in H,SO^, a little ammonium phosphate added and 
the precipitation repeated. The adjustment of the amount of ammonia 
to be added is the most important part of this stage of the process. To 
the filtrate is added about lo c.c. of strong ammonia, and after heating 
to 70° C. the nickel is deposited by electrolysis. Two i^ pint Bunsen 
cells give a sufficiently strong current to deposit 0.15 to 0.2 gm. Ni in 
an hour. 

The whole analysis can be performed in the course of about four hours. 

Electrolytic Separations, Smith and Frankel {Am, Chem. Jour,^ xii. 
104). With weak currents (0.15 to 0.5 c.c), using cyanide solutions, 
cadmium could be accurately separated from copper, zinc or cobalt, but 
not from nickel. Mercury could be separated from zinc, but from Ni 
or Co the separation was not altogether satisfactory, unless the amount 
of cyanide was reduced. 

From a cyanide solution, it was also found possible to separate com- 
pletely silver from Cu, Zn, Ni or Co. 

The separation of copper from cadmium in sulphate solution con- 
taining free H^SO^, was found to be possible under certain conditions. 

Electrolysis of Phosphates, Smith {^Am. Chem. Jour.^ xii. 329. Ex- 
periments were made in depositing copper and cadtnium from solutions 
of the phosphates dissolved in phosphoric acid, using a weak current 
(in most cases, 0.15 to 0.2 c.c. oxy hydrogen gas per minute). Separation 
from several other metals was found to be possible. The degree of dilution 
seemed to be important as well as the strength of the current. Silver 
is best precipitated from ammoniacal solution of the phosphate. In the 
phosphate solutions no MnO, forms on the positive pole, even with a 
current of i or 1.4 c.c. oxyhydrogen gas per minute. 

Electrolytic Deposition of Palladium, Smith and Keller (^Am. Chem, 
Jour.y xii. 212). By using pallad-ammonium chloride dissolved in am- 
monia, to which an excess of ammonia was added, with a current 
yielding 0.9 c.c oxyhydrogen gas per minute, in the course of sixteen 
or eighteen hours, a complete precipitation was effected (on a silvered 
Pt-dish). After washing with hot water, the dish was heated for some 
time at 110° to 115° to expel any occluded hydrogen before weighing. 

Analysis of Zinc and Copper Alloys, Warren (^Chem, News, Ixi. 
137). Dissolve in strong H,SO^, dilute to convenient bulk, introduce 
metallic Mg, which precipitates Cu. Completeness of precipitation is 
determined by test with sulpho-cyanate. Filter off, wash with ether, 
dry and weigh. Test the precipitate for Sn, Sb and C, if necessary. 
To the filtrate add strong solution of NaC^HgO^, boil, to precipitate iron 
(?), and add metallic Mg again, which will precipitate the zinc. 

Cadmium in presence of Zinc, Minor {Chem, Ztg., No. i, 1890). An 
excess of ammonia is added to precipitate iron and redissolve the zinc 
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and cadmium. This solution is then nearly neutralized and poured into 
an excess of boiling NaOH, which precipitates Cd, the zinc remaining 
in solution. 
ff 
Copper Determinations, Holthof {Fres. Zts, Anal. Chem.^ xxviii., 
680). Copper sulphide weighing about 0.2 grammes filtered by the 
pump, if placed in a crucible while moist, heated moderately and finally 
ignited, is completely converted to CuO without retaining any trace of 
sulphate. If dried previous to ignition, sulphate is always present. 

Volumetric for Copper. Etard and Lebeau (C. Rend.y ex. 408). The 
strong violet color of cupric compounds with concentrated HBr, is de- 
stroyed by the reducing action of SnCl,. The reagent, therefore, is a 
standardized solution of SnCl, in strong HCl (free from iron). The 
end reaction is vefy sharp. 

KCy Titration of Copper. Fessenden {Chem. News, Ixi. 183 and 
252) discards the use of ammonia, using instead sodic carbonate, with 
which he obtains a sharper end reaction, and avoids the disturbing influ- 
ences produced by ammonia salts. 

Tin and Titanium in Silicates. Hilgar and Haas {Ber. D. Chem. 
Ges.^ xxiii. 458). Five to ten grammes of the mineral are made into a 
paste with water, thinned with H,SO^ (i : 10), and fuming HFl added 
until the SiO, is entirely removed, high temperatures being avoided. 
Then, by heating, the HFl is expelled, and the mass brought to a pasty 
condition, which is then diluted, neutralized and, after adding 2 
grammes HjSO^ (cone), is diluted to 400 c.c, and boiled steadily for six 
hours. Sn and Ti are thus both precipitated. They may be separated 
by reducing the tin by placing in a hard glass tube and reducing in a 
current of hydrogen, heat (dull red), being applied for fifteen minutes, 
and allowing to cool in the current. From the residue the tin is ex- 
tracted by digesting for half an hour, in 20 per cent. HCl at a gentle 
boil, the solution filtered cold, precipitated by H^S, and the treatment 
repeated on the precipitate. The residue of (impure) TiOj is dissolved 
by fusion with K^CO,, taking up with water and sulphuric acid, neu- 
tralized, etc., as before, and, after dilution to 400 ex., boiled for six 
hours to precipitate the pure TiO^. 

Precipitation of Tin by Metallic Iron. Schultze {Ber., xxiii. 975). 
The precipitation takes place only when the solutions contain no free 
acid and only stannous and ferrous salts. Under these conditions though 
sloW, it is complete. 

Antimony as Sodium Antimoniate. Beilstein and Blaese {Bull. Acad. 
Sci.y St. Petersburg, N. S. I. (xxxiii.), 201). The sulphide (tri- or penta-) 
after washing is rinsed into a beaker with 50 c.c. of water, pure NaOH, 
and 70 c.c. HjO, added, and warmed until the sulphide has been decom- 
posed, and the antimoniate formed. After cooling, one-third of the vol- 
ume of 90 per cent, alcohol is added. It should then stand for at least 
thirty-six hours. The precipitate is first washed by decantation with a 
solution of 7 grammes NaC,Hj,0, and 7 grammes glacial acetic acid in 
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I litre 'of 25 per cent, alcohol, until the washings show no sulphate. The 
adherent sodium acetate is removed by washing with 50 per cent, alcohol, 
and the precipitate dried, ignited and weighed. 

« 

Antimony Sulphides. England {Chem, News^ Ixi. 145) notes that 
after precipitatmg Sb as Sb,S,, and passing CO, in the course of a few 
hours, the precipitate had all redissolved ; on boiling and passing H^S, 
SbjSj was precipitated. From the filtrate, some Sb,S, was obtained. 

Volumetric for Arsenic, Boam(C>^<fw. News, Ixi. 219). A modifica- 
tion of the uranium titration. Boil to dryness i to 1.5 grammes of ore 
with 20 to 25 c.c. strong HNO,; cool; add 30 c.c. NaOH solution (30 
per cent.); boil, filter and dilute to 250 c.c. ; of this solution, take 25 
c.c, render acid by a solution of 50 per cent, acetic acid, containing 
10 per cent. NaC,HjO,, and boil. Titrate with uranium acetate solu- 
tion (17.1 grammes in 15 c.c. strong acetic acid diluted to 2 litres) of 
which I c.c. =0.001125 As. Ferrocyanide solution ** spotted on a white 
tile, is used to indicate the end reaction ; brown uranium ferrocyanide 
when the reagent is in excess. 

Mercury Determination, Volhard {Liebig's Annalen), The mercu- 
ric form being present, neutralize with sodic carbonate, precipitate with 
freshly prepared ammonium sulphide ; then add pure soda lye (made 
from sodium) until the liquid begins to clear ; boil and add more NaOH 
until the precipitate has been redissolved. Precipitate by boiling with 
ammonium nitrate until the ammonia is nearly expelled. Allow to settle 
hot. The precipitate is dense and subsides rapidly. 

Lead in Water, Harvey {Analyst, xv. 68). Half a litre of the 
water (which should be cleared by filtration, if necessary) is placed in 
a conical precipitating jar, and about 2 grains K2CrjO^ (crystals) added, 
which are dissolved by agitation. The mixture is set alongside of 
another jar containing lead-free water which has been treated in the 
same manner. If one-fiftieth of a grain per gallon is present, a tur- 
bidity is perceptible in fifteen minutes. If allowed to stand for twelve 
hours, the precipitate of PbCrO^will have collected, and will adhere to 
the bottom, so that the water can be decanted to the last drop, when 
other'tests may be applied. 

Tellurium in Minerals, Donath {Zts, Angew, Chem., No. 7, 1890). 
Treat about 4 grammes of the pulverized mineral in a porcelain dish, 
with small quantities of nitric acid. Evaporate off the excess of acid, 
avoiding at the same time the decomposition of the iron, bismuth or 
copper nitrates which may be present orthe Te will pass into the/V form. 
Rub the dried mass with an agate pestle, and moisten with strong NaOH. 
After about half an hour, add more NaOH solution, filter and boil the 
filtrate for about twenty minutes with glucose free from Ca compounds, 
which precipitates Te. Filter, and after washing, rinse from tiie filter 
with warm nitric acid and water (2 : i), containing a few dro|)s of 
H2S0^. Evaporate, ignite and weigh Te02. 

Analysis of Wolframite, Setlik {Chem, News, Ixi., 54). Three to five 
grammes of the mineral, finely pulverized and dried, are fused for about 
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two hours with three to four times their weight of Na2C08. The melt 
is boiled with water and washed until the washings give no -turbidity; 
with HCl. After adding an excess of HCl the solution is boiled for 
half an hour and the precipitate dried, ignited and weighed. The 
silica may be removed by treatment with HFl. If tin is present it may 
be determined by fusing the impure WO, with KCy, dissolving the re- 
duced metal in ferric sulphate and titration with permanganate. The 
corresponding amount of SnO, is then deducted from the weight of im- 
pure WO,. 

Separation of Vanadium and Tungsten, Friedheim (^< r. , xxiii . , 35 3). 
The solution of the alkaline salts concentrated on the water bath re- 
ceives the addition of a strong solution of mercurous nitrate. It is then 
digested for twenty minutes with freshly precipitated mercurous oxide 
to neutralize all free acid. After cooling the precipitate is filtered and 
washed and then rinsed into an evaporating dish, the excess of water 
evaporated off so as to leave a thick magma. After cooling, this is 
treated with an excels of concentrated fuming HCl and warmed for five 
minutes. Nearly all of it dissolves, but on diluting with much water, WO, 
is precipitated. The solution is allowed to stand for twenty-four hours 
to make the precipitation more complete, when it is filtered, and the WO, 
washed with dilute HCl. In the filtrate the Hg is separated by H^S, 
the Vd oxidixed by strong HNO, separated and weighed as V^O^. The 
trace of WO, which it still retains may be separated by treating with 
dilute sulphuric acid containing SO, at a gentle heat, which dissolves 
the vanadium as vanadyl sulphate. 

Silicon in Crude Iron and Spiegel, Clerc {C/tem. J\^ewSy]x]. 121). 
In a flask of 350 to 400 c.c. capacity, are placed 4 grammes of the pul- 
verized metal, with 15 to 20 c.c. water, 8 to 10 c.c. Br, and 75 cc. pure 
HCl. This is then heated to 100° C. on a sand bath. If the heating is 
continued until the volume of the liquid is reduced to 40 or 50 c.c, 
the silica is all in the insoluble form, and may be filtered off after dilution 
with 200 to 300 c.c. of hot water. 

Determination of Silica, Gilbert {^Technology Quarterly ^ iii., No. i). 
The sources of error, when a silicate or siliceous material was fused with 
alkaline carbonates, and then evaporated to dryness with HCl were 
studied. The silica was, to all appearance, rendered insoluble at the 
heat of the water-bath, though there was no apparent tendency to re- 
combine at 280° C. except when magnesia was present. In that case 
120° was the highest temperature of drying, at which fair accuracy was 
obtained. When no bases other than alkalies were present, there was 
a steady diminution in the Si O^ obtained by repeated fusion and evapo- 
ration. In the presence of alumina, the purity of the silica was always 
less than when only alkalies and alkaline earths were present. Dehy- 
dration by evaporation with H^SO* caused a more complete separation, 
than when HCl was used. 

Phosphoric Acid in Slags. Arth. (Bull. Soc Chin. [3], ii. 324). After 
evaporating with HCl to remove SiO,, the residue from a slag was 
treated with HNO„ which failed to dissolve a tetrahydrated ferric phos-. 
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phate, Fe,(PO^)j4HjO, which was not dehydrated at 

pound can be produced by evaporating a solution of ferric chloride (4 

mols.) and hydrodisodic-phosphate (i mol.) with an excess of HNO,. 

Opening up Sulphides^ as Bournonite, etc. Jannasch. (Jour, Pr. Chem. 
xl. 230). Air is passed through cone. H,SO^, then through bromine, then, 
through a tube of hard glass containing the pulverized mineral in a 
boat, to which heat is applied, the products of the reaction being caught 
in a mixture of equal volumes of HCl (i : 4) and tartaric acid (lo per 
cent.) Some sulphur bromide formed in the receiver which was con- 
verted to sulphuric acid by heating on the water-bath with excess of 
Br and stirring vigorously. 

In the liquid m the receiver must be determined As and Sb as well as 
S. 

From the residue in the boat nitric acid will separate Pb, Cu, etc., 
and from the material remaining, AgBr is extracted by KCy 

Free Sulphuric Acid in alumina sulphate. Beilstein and Grosset 
(^Fres, Zts, Anal Chem,^ xxix. 73) have examined methods proposed 
for this purpose — boiling with neutral phosphates, extracting with 
alcohol, titrating direct with Tropaeolm, etc. The most satisfactory 
method they find to be forming an ammonia alum and extracting with 
alcohol. They dissolve i or 2 grammes of the salt in 5 c.c. of water, 
ind add 5 c.c. of a cold saturated neutral ammonia sulphate solution, 
and allow it to act with frequent stirring for fifteen minutes. They 
then precipitate with 50 c.c. of alcohol (90 per cent.), filter and wash 
with alcohol (of 95), evaporate the filtrate and washings, and titrate 
with tenth normal alkali. The results quoted are fairly accurate. 

A method for the Determination of Combined Sulphuric Acid is given 
by Andrews. (Amer. Chem, Journ. xi. 567.) It consists in adding to the 
solution, when nearly neutral, a hydrochloric solution of barium chro- 
mate, neutralizing by calcium carbonate, or by ammonia, bailing, fil- 
tering hot, acidifying, and titrating the chromic acid remaining in solu- 
tion by potassium iodide and hyposulphite. The barium -chromate must 
be previously freed from soluble Ba salts and soluble chromates by pro- 
longed washing with acetic acid and water, and is dissolved by digesting 
with acid containing 36 grammes HCl per litre. In presence of 
alkalies and alkaline earths, pure calcium carbonate may be used for 
neutralization. If, however, members of the (NHJ, S group are present 
ammonia must be used for this purpose, though in that case the precipi- 
tate is not so easily filtered off. If the filtration in either case is delayed 
for some hours the results are liable to be inaccurate. Test analyses are 
given. 

Testing for Halogens, Vitali (Z't^r^x/., xii. 225). On evaporating 
a solution containing haloid salts to dryness and adding a few drops of 
cone. HjSO^ containing CuSO^, a yellow coloration indicates a chloride, 
a violet coloration a bromide, whereas with iodides the mixture becomes 
black. The colors due to chlorides or bromides are discharged on 
diluting with water, while with iodides white Cu,I, appears as a precipi- 
tate, and on shaking with chloroform iodine is taken up. Ether, with 
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the mixture of acid and a bromide becomes grass green. NiSO^ instead 
of the CuSO^ gives a coloration (brown) only with iodides. Ferric and 
ferrous salts give a blood-red with alkaline bromides and cone. H^SO^. 
The color is destroyed by dilution. Gold salts under these conditions 
give a cherry- red coloration. 

Bremhu in Presence of Chlorine, Hall {Jour, Anal, Chem.^ iv. 167). 
The principle upon which the method depends is the liberation of the 
Br by chlorine water^ and absorbing it in chloroform, then continuing 
the addition of chlorine water until BrCl is formed, shown by the pale 
yellow color of the chloroform solution. 

A standard solution of 14.875 gms, KBr per litre is used to determine 
the strength of the chlorine water. The test is performed in a glass stop- 
pered tube of about 50 c.c. capacity graduated from the bottom, i c.c. of 
chloroform is used for every 0.03 gms. of Br present. The chlorine water 
is added at first at the rate of 3 c.c. at a time, the tube being stoppered 
and violently shaken after each addition. The color of the chloroform 
solution should be brought to correspond with the tint perceptible in a 
solution containing i gm. K,Cr,Oy in 20 c.c. of water. 

Iodine in Haloid Salts. Gooch and Browning {Am, Jour. Sa\, xxxix. 
188). The substance, which should not contain of chloride more than 
an amount corresponding to 0.5 gm. NaCl, of bromide more than cor- 
responds to 0.5 KBr, or of iodide more than corresponds to 0.5 KI, is 
dissolved in an Erlenneyer flask of 300 c.c, and to the solution are 
added 2 gms. KH^AsO^ in solution, 20 c.c. of diluted sulphuric acid 
(1:1) and enough water to make the bulk about 100 c.c. or over. A 
platinum spiral is introduced, a trap made of a straight two-bulb drying 
tube cut off short, is hung with the larger end downward in the neck of 
the fla^k, and the liquid is boiled until the level reaches the mark put 
on the flask to indicate a volume of 35 c.c. The concentration should 
not be pressed farther on account of danger of losing AsCl,, and the 
danger of reduction of the arseniate by the bromide. The liquid is 
cooled, nearly neutralized by NaOH, the neutralization completed by 
NaHCOj, an excess of 20 c.c. of saturated solution of the latter is added 
and the arsenious acid titrated by standard iodine and starch. 

Chlorides in Sulphocyanates, Mann {Fres, Zts, Anal., Chem. xxviii. 
668). Cupric sulphate solution is added, and H^S then passed. White 
cuprous sulphocyanate precipitates at first. When the solution becomes 
brown from formation of CuS with the excess of copper salt, enough 
cupric sulphate is added to precipitate all the H,S. The solution may 
then be filtered and tested for chloride with silver nitrate. 

Sulphur and Carbon \v\ organic substances. Vrumtr {Chem, News^ 
Ixi. 27). The material is mixed with 80 to 100 parts pure K^Mn^OSand 
a combustion made in a tube in the usual manner. The gases liberated 
are caused to bubble through a solution of i>ermanganate, and finally 
through baryta water, which serves to indicate whether all the CO2 is 
retained in the apparatus as it should be. The contents of the tube are 
then extracted with water and the solution filtered. In half of this solu- 
tion sulphur is determined by BaCl,. The other half is boiled for some 
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time with sulphuric acid and excess of permanganate to convert all the 
carbon compounds to CO2, which is caught in a suitable apparatus and 
weighed. The same treatment must also be applied to the insoluble 
residue from the tube, and to the solution through which the escaping 
gases were passed, to obtain the necessary data for the calculation of the 
carbon present. 

General Reaction far Nitrogen in Organic Substances. Don at h 
(^Chem. News^ Ixi. 163). By boiling nitrogenous substances with potas- 
sium permanganate and strong potassa lye until the color became violet 
or greenish blue, nitrous acid was always obtained, which could rea'dily 
be detected after reducing the manganese oxides by heating with a little 
alcohol and filtering off. Coal, ferrocyanide and bodies of the aromatic 
group gave the most difficulty. The proportions used were 0.03 to 0.05 
gm. of substance, 0.5 to i gm. powdered permanganate, and 15 to 20 c.c. 
of saturated potassa lye. 

Determination of Nitrogen in Organic Substances. Wagner ( Chem. 
Ztg. , 1 890, 269 ). By heating the substance with an excess of permanga- 
nate and strong potassa lye in a sealed tube to !5o°-i7o°, the whole of 
the nitrogen is converted to nitrate. If insufficient time is afforded some 
ammonia and nitrite may be present. After reducing the excess of per- 
manganate the nitrogen acids may be converted into ammonia, which 
may be determined by distillation, etc. 

The sulphur in CSg, etc., can also be oxidized for determination by 
this means. 

Total Nitrogen in Fertilizers. Aubin and Quenot {Bull Soc. Chim,^ 
[3], iii. 322). One gramme of the fertilizer is extracted with 30 to 40 
c.c. of a 2 per cent, solution of tannin, which removes ammonia salts 
and nitrous and nitric acid. In the residue which contains the albu- 
minous material, the nitrogen is converted to ammonia by the Kjeldahl 
method. The nitrogen acids are determined by Schloesing's method. 

Nitrogen Compounds in Sulphuric Acid. Wilson {Pharm. Jour. [3], 
No. 1020, 541). One c.c. of the acid is diluted with 5 c.c. of water, 
and after cooling, a small amount of resorcin is added. If nitrous acid 
is present, a permanent yellow coloration appears. The reaction can 
be made quantitative. 

Colorimeiric for Nitric Acid by Diphenylamine. Miller ( Chem. NewSy 
Ixi., 100). All oxidizing agents give a blue with diphenylamine. A 
little HCl does not interfere, but HBr or HI modify or destroy the color. 
Dextrin, and possibly some other organic substances, modify, or in time 
destroy the color. In very dilute solutions it takes a long time to de- 
velop the color. The sulphuric acid should not be too dilute. The 
author applies the test in the following manner: i c.c. of the solution 
to be tested receives the addition of 5 c.c. of cone. HgSO^ (containing 
0.2 gramme diphenylamine per litre). The color after a few minutes' 
shaking should be pale blue ; if a strong blue, the solution containing 
the nitrate should be diluted. After standing an hour for the color to 
develop the color is compared with a set of standards, made up at the 
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same time with the test, with solutions containing 0.5 milligramme, i 
milligramme, 1.5 milligramme, etc., up to 5 milligrammes of nitric acid. 

Determining Nitric Acid, Boyer (C Rend.^ ex. No. 18). Into a test 
tube, 0.3 metre long and 0.022 metre diameter, is introduced 5 grammes 
of zinc, the size of a pea ; 10 c.c. of the solution to be tested, which 
should not contain over 0.05 gramme of nitrate, are then added care- 
fully, and then 5 c.c. HCl, and a circular motion is given. When the 
reaction slackens, 5 c.c. more HCl is added. The reaction is completed 
in ten minutes, and from the solution the ammonia resulting from the 
reaction, may be distilled and determined by ordinary methods. 

New Reaction of H^O^, Deniges {Bull, Soc, Chim, [3], iii. 797). 
An aqueous solution of ammonium molybdate (10 per cent.) mixed 
with an equal volume of cone. H,SO^, gives a strong yellow color with 
H,0,. The formation of a per-molybdic arid seems probable. In hot 
solutions it disappears rapidly, on addition of nitric acid. 

Water Analysis. — Total Solids. Mason (yj^wr. Analyt. Chem,). The 
evaporation is performed in a broad weighing bottle provided with 
(tight fitting) cover, in which is a small stop-cock. The residues are 
thus prevented from absorbing moisture while cooling. Opening the 
stop-cock momentarily after cooling, equalizes the pressure within and 
without. 

Standards for Potable Waters. Vaughan (y^wr. Analyt. Che m.^xs, 
142). The following approximate limits are assigned for potable waters 
in the laboratory of the University of Michigan (parts per million) : 

Total residue, not over 500 parts. 
. Earthy bases, not over 200 parts. 

NaCl, not over 10 parts. 

Sulphates, not over 100 parts. 

Permanganate test, not over 8 parts. 

Free ammonia, not over 0.05 part. 

Albuminoid, not over 0.15 part. 

Nitric acid, 0.5 part. 

Nitious acid, none. 

Acetic Acidy Rate of Distillation. Wilson (/. S. C /., ix., 18). Du- 
claux's experiment with this acid was repeated with acids of different 
strengths. The acidity of 100 c.c. of distillate from a bulk of no c.c. 
in a 250 c.c. retort, according to Duclaux, represents 79.8 per cent, of 
the total acid present. The author's results were : 

Material Distilled. Acidity of f Jths Distillate. 

Pure acetic acid, different Strengths, . . 82.37 to 83.15 

Commercial vinegars, 82.96 to 83.58 

Acetic with NaCl, 92.77 and 96.76 

Acetic with NajSO^, 86.39 

Acetic with glacial phosphoric acid, . . 97.88 and 98.51 
Various acetates with glacial phosphoric acid ) 94.65 to 98.9 , 
(Average) j 95.99 

When glacial phosphoric acid was used, 10 c.c, of a solution contain- 
ing 220 grammes of that substance in 200 c.c. of water were invariably 
used. 
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Mineralogy, by A. J. Moses. 

Amphibole, of St Lawrence County, N, K 

The amphibole of this locality is by its composition actinolite. There 
are two well-marked color varieties, the green and the brown, which oc- 
cur most abundantly at Russell and Pierrepont respectively, and of which 
the following analyses have been made : 



SiO„ 
TiO., 

AlA, 

FeO, 

MnO, 

CaO, 

MgO, 

Na,0, 

K,0, 

Ignition, 



Green. 
Dr. W. M. Burton. 

56.54 

1. 10 

.69 

2.36 



Dr 



13.69 

24.42 

1. 15 



Brown. 
T. M. Chatard. 

56.44 
.II 

1.77 

.84 

•73 

.11 

11.83 

22.98 

2.13 

•75 
2.46 



99.95 100.15 

American Journal of Science, xxix., 352. 

Aromite, Darapsky, Mg^Alj^SO^^ + 54^1^0. 

Found in the sulphaites of Coquimbo as hard, compact, yellowish fibres 
of a dull, vitreous lustre, filling a crack several inches wide. — Neu^s 
Jahrbucky Min,, Etc, 1890, p. 52. 

Corundum, ARXiFicrAL Ruby. 

Mr. James Mactear, F.C.S., F.I.C., presented specimens to the 
School of Mines some years ago, of which he says: "The artificial 
ruby which I gave you, was prepared by me, some years ago, by the 
French process of decomposing an aluminate of lead with silica. The 
fusion was continued for about four to eight days, the result being a melt 
containing cavities lined with these small ruby crystals ; a small trace 
of chromium was used to color." 

Crystals upon human bones. 

Numerous groups of white lamellar crystals on the surface of human 
bones from Solutre near Macon, Saone et Loire. 

The crystals consist essentially of phosphate of lime, supposed to be 
derived from the partial solution of the bones of the horse and reindeer 
common in the locality. — Bull. Soc. Franc. Min., November, 1889. 

Hamlinite, Hidden and Penfield. Hexagonal. 

Described as observed on a single specimen from the herderite 
locality, Stoneham, Maine, in minute (i to 2 mm. diameter) rhombohe- 
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dral crystals attached to herderite and raargarodite. Transparent, col- 
orless or faint yellow ; cleavage, basal ; lustre, pearly on base, greasy- 
vitreous on rhombohedral faces; H, 4.5 ; G, 3.228. 

B. B., fused at 4 to white mass coloring flame pale-green ; in closed 
tube, acid water and fluorine. Composition a phosphate, probably of 
beryllium and aluminium. Named in honor of Dr. A. C. Hamlin, of 
Bangor, Maine. — Amer, Jour, of Science, 39, 511. 

Knebelite (new variety) Talkknebelite. L.J. Igelstrom, 

Found with eisenknebelite at Hillang iron mine, Dalekarlien, Swe- 
den. It is markedly lighter than the eisenknebelite, is of a grayish- 
white color, pearly lustre, and is always studded with little red garnet 
crystals which are never found in the eisenknebelite. Analysis showed 
SiO,, 31. 1 ; FeO, 42.6; MnO, 21.6; Mgo, 4.7. — Neues Jahrbuch f. 
Min., EtCy 1890, p. 248. 

RuBRiTE, Darapsky, Fe^Sfi^ + zTT%0. 

Found among the iron sulphates from Rio Lac, Atacama, in plate- 
like indistinct crystals qi a crimson-red color. Analysis showed Fe^O,, 
18.22; AljO,, 3.01 ; CaO, 4.10; MgO, 5.62; SO,, 41.15; H,0, 27.64. 
Calculating the CaO and MgO as gypsum and epsomite, the above for- 
mula results. — Neues Jahrbuch f. Mtn., Etc., 1890, p. 65. 

Spangolite, 5. Z. Penfieldy Cu^AlClSO^^ + ^H^O. Hexagonal. 

Crystals usually with prominent basal plane and series of pyramids, 
and occasionally dull striated prism faces. The largest crystal was 8 
mm. in diameter and 5J^ mm. high. The value c= 2.0188 was calcu- 
lated. 

Cleavage, basal very perfect ; color, dark-green ; H, on base 2, on 
pyramid nearly 3; G, 3.141. 

Average of four analyses : SO,, lo.ii ; CI, 4.1 1 ; Al^O,, 6.60 ; CuO, 
59.51 ; H,0, 20.41. 

Found upon a single specimen of impure cuprite in the collection 
of Mr. Norman Spang, of Etna, Pa., with azurite and atacamite. Lo- 
cality supposed to be Globe District, Arizona. — Amer. Jour, of Science, 
39> 370. 

Wheelerite (See Dana, App, 2, p. 60.) 

Specimens of mineral, apparently wheelerite, were sent to the 
School of Mines by Mr. E. G. Savage, who says : 

** I send you a sample of coal taken from our No. 5 Mine, near 
Cafion City, Colorado. This coal contains some resin. The vein of 
coal that this sample is taken from, is about 5^ feet thick, pitching at 
an angle of about 7*^. It is as pure a seam as I ever saw. There is no 
bone or slate in the seam. The coal burns very freely and makes a hot 
fire.'' 
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Gems and Precious Stones of North America. By George Frederic Kunz. 
(Royal 8vo., pp. 336, New York. The Scientific Publishing Co. $10.00.) 

Mr. Kunz has been for years the gem expert with Messrs. Tiffany & 
Co., is well knovvn as a collector of minerals and has described many 
new localities. Since 1882 he has prepared the chapter upon precious 
stones for the "Annual Report upon the Mineral Resources of the United 
States.*' He has therefore had great opportunities, and may speak with 
authority upon all statistics of locality, production, and commercial 
value of gems and ornamental stones. 

The work just issued is appropriately called a " popular description," 
as it is in a large measure a history of famous American gems, their dis- 
covery, value, present and former owners, brief general descriptions of 
the species and special chapters upon pearls, aboriginal lapidaries, and 
famous foreign gems now in this country. 

The value to the mineralogist is the bringing together of accurate 
records of the many American localities, the production and value of the 
stones found in each locality, the methods of mining and search, and 
the references to the literature of the subject. Special chapters are 
devoted to Canada and Mexico. 

The book is very handsomely illustrated. Especially noticeable are 
the colored plates, whicli are not, as is usually the case, a puzzle even to 
the mineralogist, but are excellent reproductions of color and form. 

A. J. M. 

Contents and Index, Vols. I. to X, of the School of Mines Quarterly. 
(Svo., pp. 79, New York. The Editors. Paper, 25 cents ; cloth, 50 cents. 

A carefully prepared work arranged according to both subjects and 
authors, and carefully cross-referenced. The separate titles, important 
sub-heads and abstracts appear in alphabetical order under the leading 
words, and in addition have been referred by specialists to their proper 
divisions of analytical chemistry, metallurgy, mining engineering, rail- 
roads, etc. The work cannot fail to be of value to readers of the 
Quarterly, or to make the Quarterly an J its many valuable articles 
known to a larger circle. 
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School of Mines Preparatory School. 

32 East 46th Street. 

A high school introductory to all colleges. 

</. WOODBRIDGE DAVIS. O.E.. Ph.D.. Principal. 
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PRIMARY. 
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Ten Instructors. Terms: $75 to $300. 
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